
This Page Is Inserted by IFW Operations

and is not a part of the Official Record

BEST AVAILABLE IMAGES

Defective images within this document are accurate representations of the

original documents submitted by the applicant.

Defects in the images may include (but are not limited to):

• BLACK BORDERS

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES

• FADED TEXT

• ILLEGIBLE TEXT

• SKEWED/SLANTED IMAGES

• COLORED PHOTOS

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS

• GRAY SCALE DOCUMENTS

IMAGES ARE BEST AVAILABLE COPY.

As rescanning documents will not correct images,

please do not report the images to the

Image Problems Mailbox.



THIS PAGE BLANK (uspto)



PCT WORLD IN^^LPRO= ORGANEATTON

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY fPCn
(51) International Pitent Classification 6

:

C07K 5/078, SJ07Jy 5/023, A61K 38AM Al
(U) International Publication Number: WO 98/09987

(21) International Application Number: PCT7US97/I53 12

(22) International FUlng Date: 5 September 1997 (05.09.97)

(43) International Publication Date- I2 March 199g (t2mM)

(30) Priority Data:

60/025.599

9618687.9
6 September 1996 (06.09.96) US
6 September 1996 (06j09.96) GB

(60) Parent Application or Grant
(63) Related by Continuation

US
Filed on

Not furnished fCIP)

Not furnished

(71) Applicant (for all designated Stout except US): BIOCHEM
PHARMA. INC. [CA/CA]; 275 Armaria Frappier Boule-
vard. Laval, Quebec H7V 4A7 (CA).

(72) Inventors; and
(75) InventorsMpplieanta (for US oniy); ST-DENIS. Yves

(CA/CA); 3727 St-Hubert. Montreal. Ouebee H7L 379
(CA). SIDDIQU1. M„ Anhad (CA/CA): 1 17-2700 Thi-mow Bouievani, St-Laureot, Quebec H4R 2C4 (CA)
CODY. Wayne, Livingston (US/US); 1314 Maplewood
Drive. Saline. Ml 48176 (US). EDMUNDS. Jeremy John
(GB/US]; 3957 Beech Drive, Ypsilanti. MI 48197 (US).

(54) TiUe: LACTAM INHIBITORS OF THROMBIN

(57) Abstract

This invention relaxes to heterocyclic inhibitors of the enzvme throm-
bin, their preparation, and phamuccuticai compositions thereof havine een-
eral formula (I), wherein W. X. Y R, to R } are a, defined here*. AL» Ule
invention relates to the use of such compounds and compositions as anticoaE-
ulants ana as agents for the treatment and prophylaxis of thrombotic disorders
such as venous thrombosis, pulmonary embolism ami arterial thrombosis re-
suiting ,n acute ischemic events such as myocardial infarction or cerebral

PLUMMER. Janet Samanmo (US/US); 8100 Huron River
Dnve. Deiter. MI 48130 (US).

W
(74) ABent^MURRAY. Robert. B, Nikaido. Mamtehtem. Munay

& Oram LLP. Suite 330, Metropolitan Square - 'G" Stoet
Lobby. 655 15th Street, N.W., Washington. DC 20005-5701

(81) AU AM. AT. AU. AZ. BA, BB. BG. BR,

rl' mi m' S
N
\
CU

- C2-
DE. DK. EE. ES. FI. OB. GE.

P"
"0

; LD- 1S
- KE. KG. KP, KR. KZ. LC UL£ LV. MD. MO, MK, MN. MwTm* NONZ. PL. FT. RO. RU. SD. SE. SO. SL SK. SL. TJ.TM TO

II-
,

LA
' «S. UZ. VN, YU. ZW. ARIPO paten?^'

BY, KG. KZ. MD. RU. TJ. TM). Eurooean patent (AT BE

mIs.s: t?,:%)
bj

-
co - a <*• CN '

Published

With international search report.

X'
i

w rYX ^
O R,'

(D



FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCX

AL ES Spain LS Uaotfjo SI Slovenia

AM a menu Fl Fmknd LT Lithuania SK Slovakia

AT Auairu Fit LU Lujuinbowg Senegal

AU Aumlu CA Gabon I.V Latvia sz Swmtilaad

AZ GB Unicd Kingdon MC TO Cnad

BA 3oaaia and Ifctrcftrrma CC Georgia MD Republic of Moldova TO Top
Bl Barbados CH Ghau MC TJ TtjtaiatM

se 3e%ini CN Gusiu MK The form Vugoaiav TM TWvjncsusua

BP 3ar*ina hw CR GflSCCC Republic of Mactooau TR Twfcer

EC 3«i*ana HU Hungary ML Matt TT Trtaidaa and Tobago

BJ 3cm ie Ireland MM MonxoU* UA toikc
BR Snail it. June! MS Manfiuma UG Uganda

BY Seiarua IS Iceland MW Malawi US Un*ed Staiea of Ame
CA Canada IT Hair MX Mexico uz Uzbekistan

cr Central African Republic jp Japan NF Niger VN Via Nam

cc CoofO KB NX Ncthcftancts YU Yugoalavia

CH SwinrrUnd KG Kyrgyuian NO Norway 7.W ZMabwt
CI Cfitt d'lvorrc KP OfMcnuK People's NZ New Zealand

CM Republic of Korea PL Poland

cs Ouna KR HepoMtc of Korea FT Ponotal

cu Cofaa KZ Ktxakatan RO Roaaamn

cz Czeett Repvbbc LC Saint Lucia RU Ruaia* Federation

oc Ccauov U Lioctttensteizr SO Sudan

DC Deoaaart LK Sri Lanka SE Swedes

EE Ejaania LR Liberia sc Singapore



W09&WS7
PCT/US97/I5312

LACTAM INHIBITORS OF THROMBIN

FIELD OF THE INVENTION

This invention relates to compounds useful for th. ,of thrombotic disorders a „rf
treatmentuxauraers, and more DarticularU, *

inhibitors of serine proceases sucft
- V n

thrombin. This application is a continuation •

60/02S.599 ana GE 96lB687 , £Ued
"""^"-"I** of USSN

tiled 6 September 199c
incorporated herein by reference.

BACKGROUND

inordinate thrombus formation on blood vessel wallsprecipitates acute cardiovascular disease set.- u
chief cause of death in economicaily dev!iop!d Lcietiirproteins such as fibrinogen, proteases anHe

"
arreceptors participating in nemostasis have emerged""
'

important factors that play a role in acute and cloniccoronary disease as well a3 cerebral diseZZcontributing to the formation of thrombus or blood c^ts thateffectively diminish normal blood flo„ and supply ulaTaberrations seeing fro. primary pathologic states sucTalhypertension, rupture of atherosclerotic plagues n !endothelium activate biochemica! cascaded hiMTrespond and repair the i^ury slte . Thrombin
regulatory enzyme ir. the coagulation cascade- i-

a^ified th^t^i^r:: 1

^:::
is

for thrombin generation as well as activation 7
necessai-v 'r,, ( u

activation ot faccor XIIInecessary .or fibrin =ross-U„W„g and stabili2ation .

in addition to its direct effect on hemostasis. thrombi-exerts direct effects on diverse eel! tyoes that
amplify pathogenesis of arterial ttac-ST^™8 ^
is tne strongest activator of platelets causing Jaggregate and release substances (e.g. TXA,^ "hat
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further propagate the thrombotic cvcie.

PCT7CSJ7/I53I2

Platelets in a fibrin mesh comprise ,the principal framework of
a white thrombus. Thrombin also exerts direct effects on
endothelial cells causing release of vasoconstrictor
substances and translocation of adhesion molecules that become
sites for attachment of immune cells. In addition, the enzyme
causes mitogenesis of smooth muscle cells and proliferation of
fibroblasts

.

10

The principal endogenous neutralizing factor for thrombin
activity in mammals is antithrombin III (ATIII) , a circulating
plasma macroglobulin having low affinity for the enzyme.
Heparin has shown clinical efficacy m alleviating venous
thrombosis by enhancing ATIII/thrombin binding through
catalysis. However, heparin also catalyzes inhibition of
other proteases in the coagulation cascade and its efficacy in
platelet -dependent thrombosis is largely reduced or abrogated
due to inaccessibility of thrombus -bound enzyme. Also, adverse

20 side effects such as thrombocytopenia, osteoporosis and
triglyceridemia have been observed following prolonged
treatment with heparin.

It has been proposed that thrombin activity can be inhibited
by compounds that compete with fibrinogen for thrombin's
catalytic site, thereby inhibiting proteolysis of that protein
or other protein substrates such as ihe thrombin receptor. A
common strategy for designing enzyr.e inhibitory compounds
relies on mimicking the specificity, inherent in the primary

30 and secondary structure of the enzyme's natural substrate.
Thrombin inhibitors have been modeled upon the partial

sequence of the fibrinogen A a chair, comprising its

proteolytically susceptible region {Slombacic, et al .
( J. Clin.

Lab. Invest., 21, 59, 1969). This region of fibrinogen
minimally includes the residues commencing with phenylalanine:

2
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«-*-P-«-r-aiy-ai„-«y.^.m .LM .A1.^lu
-Gly.Gly-Val-Arg-Gly-Pro-Arg

T scissile bond

Systematic replacement of amino acids within thie regi0„ ^led .o optimization of the tripepcidyl inhibitory sequence
exemplified by the peptide ,D, -Phe-Pro-Arg which corresoonds
to interactions within the P,.p,. fl local bindinj siCes _
thrombin (Bajusz s. et al. in Peptides: Chemistry structureand Biology, Proceedings of the Fourth American Peptide
symposium, waiter R.

, Meienhofer J. Eds. Ann Arbor Science
Publishers Inc.. Ann Arbor Ml. 1=75. pp. 603 ) .

It is an object cf the present invention to provide thrombininhibitors that display inhibitory activity towards ser-ne
proteases such as factor Vtla. factor Xa and thrombin wh'ichmay oe used in the treatment or prophylaxis of thrombotic
disorders

.

SUMMARY OF THE INVENTION

The present invention provides novel compounds that are usefulfor inhibiting thrombin activity, represented by formula

Vx 0>
o R2 R,'

(I)

wherein:

W and X are independently selected from CH-R
4 , C -R,, v

0, 5. SO and S02 , provided that at least one of w and , -

Jselected from N-R,, n, 0, S, SO and S0
2 ;

Y is selected from CH-R,, c-R, and C=0;

Q is selected from carbonyl, c=s and CH-R, ;

R
Xi

is a polar amino acid residue or der-vat^ve or- a „,-— -vcit-ve or anaiccue
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thereof optionally substituted with an amino acid, a peptide
or a heterocycle;

R2 and R
3

# a^re independently selected from H. halogen, C x . 16

alkyl optionally substituted with C 6 . u aryl, heterocycle or a

C30 cycloaikyl group; and

R3 and R< are independently selected from K; NR5R6 ; carboxyl ;

C6 . 16 aryl cr C
3 . 7 cycloaikyl optionally substituted with Clm€

alkyl; C^jg alkyl optionally interrupted by one or more

heteroatom or carbonyl group and optionally substituted with
OH, SH, NReR< or a C6 . 16 aryl, heterocycle or C 3 . 7 cycloaikyl
group optionally substituted with halogen, hydroxy1

,

carboxyl, alkyl; an amino acid side chain; and a

hydrophobic group; or

when Y is CH-R< or C-R« then R
3 and R« together with Y form a

5 or 6 member saturated or unsaturated carbocyclic ring;

R, and R 6 are independently selected from H and C i . 4 alkyl.

According to another aspect of the invention, rhere is

provided pharmaceutical compositions comprising compounds of

the formula (I) in combination with pharmaceutically

acceptable carriers, diluents or adjuvants.

In yet another aspect , there is provided a method for the

treatment or prophylaxis of thrombotic disorders in a mammal,

comprising administering to said mammalian effective amount of

a compound according co formula (I)

.

DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to compounds which inhibit the

enzyme, thrombin. These molecules are characterized by a

lactam moiety as illustrated in formula (I) :
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T X r,

0 R, R,
1

(i)

wherein W, X. V, 0 and R , co ^ are ^ prEviQusly

In a preferred embodiment, compounds of the invention arerepresented by formal* (ia ) ,

O
wherein Y, R„ R, and R< are aa previously de£ined>

The term "hydrophobic group- (HG) as used hereinafter refersta any group which lac*s affinity for, or displaces waterHydrophobic groups delude but are not United to c alLC,.„alke„yl ,e. g . vinyl, ally!, cr Cj .„ alltynyi Jl"^1 '

propargyl, optionally interrupted by a carbony! group gforming an acyl grou?)

;

C( . ls aryi. c,.," cycloalkyl. c' „aralfcy!. c,. !0 cycioal.yi substitute C,.„al>cyl. wherein thealipnatic portion i, optionally interrupted by a carbonyl

'

group (e.g. forming an acyl group: and the rino portion isoptionally substituted with c... aikyl such as methyl XI ort-batyx, or a hydrophobic amino acid side chain. Preferredhydrophobic groups delude cyclohexy!. benzyl, benzoyl
Phenylmethyl. phe^chv! and para-: -butyl-phenylmethyl.

'

The term -arginy! .oiety represents an arginine amino acidresxdue or an analogue or derivative thereof. For example ananalogue or derivative of the natural residue may incorporate

(i.e. ethylene or outviene chain,., replacement of theguanidino group with a hydrogen bend donating or accepting

5
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group (i.e. amino, amidino or methoxy)
; replacement of the

methylene chain with a constrained group (i.e. an aryl,
cycloalkyl or heterocyclic ring) ; elimination of the terminal
carboxyl (i.e. des-carboxy) or hydroxyl (i.e. an aldehyde); or
a combination thereof.

The term n alkyl" represents a straight or branched, saturated
or unsaturated chain having a specified total number of carbon
atoms

.

The term "aromatic" or "aryl" represents an unsaturated
carbocyclic ring(s) of 6 to 16 carbon atoms which is
optionally mono- or di-substituted with OH, SH, amino (i.e.

NRSR 6 ) halogen or C16 alkyl. Aromatic rings include benzene,
biphenyl, napththalene

, phenanthrene and anthracene.
Preferred aromatic rings are benzene and naphthalene.

The term "cycloalkyl" represents a mono- or poly- (including
bridged) carbocyclic ring of 3 to 7 carbon atoms which is

optionally mono- or ci -substituted with OH, SH, amino (i.e.

NR5R$) , halogen, carboxy (and esters thereof) or alkyl.
Cycloalkyl groups are generally saturated but may be partially
unsaturated and include cyclo-prcpyl

, butyl, pentyl, hexyl and
heptyl. A preferred cycloalkyl group is cyclohexyl.

The term "aralkyl" represents a substituent comprising an aryl
moiety attached via an alkyiene chain (e.g. benzyl, phenethyl)
wherein the sum total cf carbon atoms for the aryl moiety and
the alkyiene chain is as specified. The aryl or chain portion
of the group is optionally mono- or di-substituted with OH,

SH, amino (i.e. NR5R 6 ) halogen or C
x .

fi
alkyl

The term "heteroacorr." as used herein represents oxyaen,

nitrogen or sulfur (0, N or S) as weil as sulfoxyl or sulfcnyl
(SO or S0 2 ) unless otherwise indicated. It is understood that

alkyl chains interrupted by one or more heteroatoms means chat

a carbon atom of the chain is replaced with a heteroatom
having the appropriate valency. Preferably, an alkyl chain is

interrupted by 0 to 4 heteroatoms. Generally two adjacent
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carbon atoms are net both replaced with a heteroatoTe^ZTfor example to form a sulfonamide group.

The term -heterocycle- represents a saturated or unsaturatedmono- or polycyclic ,i. e . bicyclic. bridged, ring
incorporating

, or more (i.e. !-<, heteroatoms selected from

I:/:: ci-si rd
r

:r0rL
a heterore is

°pti™uy
Lucea W1" OH, SH f ammo (i.e. NR«RJhalogen. CF„ oxo or cM alfcyl . Sx^l„ o£ ^ ' '

'

monocyclic heterocycles include but are not lifted topyrxdme. pipeline, pyrazine, piperazme. pyridine

ZTn:

le
'

=hiaZ°le
' -^"n. pyran and thiophene.Examples of suitable bicyciic heterocycles include but are notixmxted to indole, crinoline, ^incline, purine, andcaroazole.

The term "hydrophobic amino acid" represents an amino acid
residue that bears an alxyl or ary! group attached to the «-
carbon atom. The alkyl or aryl group can be substituted
provided that the substituent or substituents do not detractfrom the overall hydrophobic character of the amino acid

TZtll
°£

h

hydr°?h0biC «*~ -dude natural amino acidre-dues such as alanine.- isoleuc.ne, leucine.- phenylalanine,-and non- naturally occurring amino acids such as -hose
described in -The Peptides-, vol. s. Academic PressChapter « by D.c. P.oberts and F , Vellaccio. Suitable -onnaturally =ccurr,r.g aH1no acids include cyclohexylalanxne and
1 - ammocyclonexane - carboxylic

.

By .-amino acid side chain- is meant the substituent attached
to the carbon which is a to the a.ino group. For exampie. thesxae chain of the amino a= a d alanxne is a methy! grouo whilebenzyl xs tne side chain for phenylalanine.

in a preferred embodiment of the invention. « is CH-R or c R
while X is N-R„ a

. o. s. SO or so,, wherein R, is as
previously defined. More prefe,abiy , , is CH-R. or C-R. while

7

\
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X is N-R« or N. More preferably, w is CH-R, while X is N-R,.

In an even more preferred embodiment, W is CH 3 while X is N-R«*

Preferably, Y is CH-R
4 wherein R 4 is as previously defined.

More preferably, Y is CH-R, wherein R
4 is H. In another

preferred embodiment, Y is a carbonyl <C=0) group and more

preferably Y is a C=0 group when X is N-R< or N and most

preferably when X is N-R
4 and W is CH2 .

Preferably Q is carbonyl (00) .

Preferably R2 and R2
f

CI; or Ci.4 alkyl such

one of R 2 and R2
' is

both H.

are independently H;

as methyl or ethyl.

H. Most preferably,

halogen such as F or

More preferably,

both R
2 and R 2

' are

Preferably, R3 and R, are independently a carboxyl group or a

hydrophobic group such as a saturated or unsaturated

carbocycle of 5 or 6 members optionally fused to another

carbocyclic group. The carboxyl group or hydrophobic group may
be linked via a spacer such as a C x . 16 alkyl chain optionally
interrupted with 1 or more (i.e. 1-4) heteroatoms, carbonyl or
sulfonyl (S02 ) groups. More preferably, only one R< substituent

is an optionally substituted aromatic ring such as phenyl,

biphenyi, cyciohexyi, indole, rhienyl, -quinoline,

cetrahydroisoquinoiine , naphthyl or benzodioxolane linked via
Cj. w alkyl optionally interrupted with a heteroatom or sulfonyl
or carbonyl; while R

3
is selected from H, Cwt alkyl, and an

optionally substituted aromatic ring linked via C
: . 1€ alkyi.

Optional aromatic ring substituents include OH, carboxyl (and

esters thereof), C1#4 alkyl and halogen. Preferably R, is czher

than 3 , 5-bis ( trifluoromethyl) benzoyl when R 4 is 3-indoiyl-

methyl

.

In another preferred embodiment, Y is -CH2
- or carbonyl and

is H, saturated or unsaturated carbocycle or heterocycle of 5

or 6 members optionally fused to another carbocyclic group.

The carbocycle or heterocycle group is optionally linked via a

8
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spacer such as a C,. 16 alkyl chaan optionally interrupted withor more (i.e. 1-4) hetercatoms, carbonyl or sulfonyl (SO)groups. Particularly preferred R

3 groups include H, methyl^propyl, butyl, 2°butyl. ben2yi
( opcionally 8ubatituted7 e2 -CI, 3 -CI. 4 -CI. 3, 4 -did, 4 -methyl, 4-methoxy)

cyclohexylmethyl, pyridinylmethyl
. 2-naphthylmethyl

baphenylmethyl. phenethyl and - CH2 -NH-S02 -benzyl . More
preferably R3 is-H or optionally substituted benzyl and mostprererably is benzyl optionally substituted i.e. 2 -ci 3 CI4 -CI, 3,4-diCl, 4 -methyl, 4-methoxy.

In another more preferred embodiment, R
3 and R, are

independently an optionally substituted phenyl or cyclohexvlr.ng linked via Cl . 4 alkyl optionally interrupted with carblylor sulfonyl. in an even more preferred embodiment, one of tnesubst^^ents is phenylpropionyi, phenylpropyl
benzylsulfonyl. 2 ,

3 -dichlorophenylpropionyl
, phenylethyl orcyclohexyl- methyl while Rj is K , isopropyl or benzyl.

In an alternative embodiment, when Y is CH-R4 or c-R then Rand the R, from Y together form a 5 or 6 member saturated orunsaturated carbocyclic ring. Preferably Said ring is a phenylor cyclohexyl ring and more preferably a phenyl ring fused tothe ring containing W, x and Y.

Preferably Rs and R s are independently "hydrooen. nethyi or
etnyl More preferably R

s and R
s are independently hydroaen ormetnyl and most preferably are both hydrogen.

in a preferred embodiment. R, is represented by one of formulaHa to He:
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G

wherein:

R7 is hydrogen or C x _ 6 alkyl;

K is a bond or -NR7 - ;

G is c >4 alkoxy; cyano; -NTHR
8 ; -CH2 -NHRS ;

-C(NH)-NHR9 ;

-NH-C(NH) -NHRS ; -CH2 -NH-C (NH) -NHR« ; a C6 . 12 cycloalkyi or aryi

substituted with cyano, -NHR 8 , -CK : -NHR 9 , -C(NH)-NHR 9 ,

-NH-C(NH) -NHR8r -CH2 -NH-C (NH) -NHR
S ,

halogen C x . 4 alkyl, aryl

or heterocycle; or a 5 or 6 member, saturated or unsaturated

heterocycle or heterobicycle optionally substituted with

cyano, -NHR
fl , -CH2 -NHR9f -C(NH) -NER,, -NH-C (NH) -NH2

-CH2-NH-C(NH) -NHRe , halogen C1M aikyl, aryl or heterocycis;

provided that G is other than unsucstituted indole and when

G is C6 . 12 cycloalkyi or aryi then :• is substituted with at

least one group selected from -NKR
; ,

-CH.-NHR 8 , -C (NH) -NHR«,

-NH-C(NH) -NHR 8 or - CH 2 -NH-C (NK) -NKR,
(

U is cyano, -NHR8 , -C (NH) -NHR
9 or - - C { MH ) -NHR 8 ;

R f is H, OH or NH2 ;

P is a bond, -C(0)-, -C(S) - or a bivalent group:

J is C,. 6
alkylene optionally substnuted with OH, NH

2 and

alkyl and optionally interrupted =•/ a heteroaton selected

from 0, S and N;

n is C or 1; and

T is K, OH, 0-R«, carboxyl, amino, £ peptide chain. alkyl,

10
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C
1;16 alkoxy, c6 .20 aralkyl, cr heterocycle optionally

sudstituted;

provided that R, is other than -NHNH,

.

When R iacorpcra.es an ammo acid or derivative of the formulaII. -wherein P a s a carbonyl,
. :to carbon ate. alpha to thenitrogen may adopt one of two stereo configurations. In .prefered embodiment the alpha carbon win b. oriented suchthat the ammo acid or derivative will be in the L

configuracion.

Preferably R7 is H or methyl and most preferably H.
Preferably K is a bond.

Preferably G is .*. c «tMtad via . mechylene^ ^
^iTT 3 Phenyl

°r Piper"^ a«*<*e1 «a a .ethylenechain of 0 to 3 carbons wherein the phenyl or piperidin^ issubstituted with -CMM-n,, or cyclohexyl attached via amethylene chain of 0 to 3 carbons wherein the cyclohexyl «.
substituted with -NH,. More preferably G is -m-C,m}-m

'

attacned via a methylene chain of 3 atoms. More preferably Gis piperdin-3-yl M-substituted with -CIHl-NH,.

In another embodiment G is a piperidine ring attached via amethylene chain or 0-3 carbons wherem the piperidine rinc issubstituted w,th one or two of -,,e 9roups selected from cvano

Preferaoly :he Piperidi„e ring ,s attached via one methylenegroup at the 3 position of the r„g . Preferably the ring ismono-s.bst.cuted at the i posit.cn ,the nitrogen atom, andone of -CUW-NH,, -C (NH) -NH-NH
; =r -C(NH> -NH-NH-OH. Morepreferacly the substituent is - C JNHi -NH

2 .

Preferably P is -C(0)-.

Preferably j is „l.et«l from: -CH.-S-CH.-CB,.
, -CH, -0-CH,-CH,-

-

-CH:
-»J-CK,.a -,. and a bond when r. is o. More preferably, ,is a bend wnile n is 0

.
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In particular embodiments of the invention. R x is selected from
the following amino acid derivatives prepared according to the

, procedures described in Bioorg. Med. chem. , 1995, 3: 1145 and
PCT application WO 96/19483 (published 27 June 1996)
incorporated herein by reference

.

A 1

Ok

HjN HjN

NH, CMf

12
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T
NH

PCT/US97/153I2

(\)n2

o

NH

Wh6r=in n=1 " 6
-
"- l - S

- — - - - as previously de£ined .

in=

h

::drno acid derivatives ^h ^ *•

1

<\>n

NH

NH^NH

NHR.

.H

NH

(J)n

R
e
HN

(J)n

NH

T //~NHR 0

S-N

NHR.

H

a
" NH

RgHN

H
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(J)n

(CH
?)n2

HN

N

NHR,

S

NH

NHR.

1

^(J)n

* (CH?)n 2

"NH

HN

.U

N

9
-R«

PCT/US97/153U

(J)n

(CH
2)n2

N

HN —R,

NHR, NHR,

rSN^NH

NHR,

1
<>>0-3

NH

< >0-3

NHR.

'Vo-3

NHR„

wherein R 8 is h. OH or

.h

\
CH. N. O. S

H. NR.

io previously defined.

In a preferred embodiment R. i

Ilia cr Illb:

NH2 ; n=l-6, nl=i-2, n2=0- 7 and T are as

s a grcup represented by tormuia

19
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Wherein R7 , R 8 , P, J, n, n 2 and T are as previously defined.

In a particularly preferred embodiment P is a bond n is 0 and
T is H. In another particularly preferred embodiment P is

C(O) and n is 0 . More preferably nl is 2. More preferably n2
is 0-3 and most preferably 1. More preferably R7 is H. More
preferably R 8 is H . More preferably R

9 is NH2 . More

preferably R 9 is OH.

10

In a preferred embodiment, T is a peptide of 1 to 4 amino acid

residues in length and preferably fibrinogen • s A or B chain or
fragment or derivative thereof. In another preferred
embodiment, T is H while P is a bond and n is 0 . In another

preferred embodiment, T is selected from H, and amino such as

N(R9 ) (R10 ) , N(R
9 ) (OR10 ) wherein R 9 and R 10 are independently H or

C x . fi
alkyl. Alternatively R9 and R 10 together with the N from

which they depend form a 3-8 member heterocyclic ring
(preferably 5 or G member) such as piperidine. In another

20 preferred embodiment, T is a heterocycle selected from the

group consisting of

:

wherein

20
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y v v . „ PCT/US97/1S312x10f Xn and x„ are each independently selected from N and
C-X 7 where X7 is hydrogen. Cl .« alkyl, or c,.M aryl;

>XS and Xl3 are each independently selected from the group
consisting of c, 0, n, Sf N-x

7 , and CK-X7 ;

R' is hydrogen. Cl .M alkyl optionally carboxyl substituted
carboxyl. -c0 . 16 alkyl -CO,-^ alkyl . c

t . 20 aralkyl. Cj ,cycloalkyl. aryl or an aromatic heterocycle. Preparation of^-cycles according to the definition of T is described nPCT application WO 96/19483.

More preferably, T is selected from the group consisting of

'p^
\ //
N H

/
v\ //
H H ON '

/

wherein R' is as defined above.

More preferably T iy T is selected from the anoup consisting of

^ l
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Y
PCT/US97/1S312

tr

Q3 "CQ
wherein R' is as defined above.

More preferably T is selected from the group consisting of:

Y ii- ''I r t n t
0

wherein R' is as defined above.

Most preferably T is

wherein R f is H or C1M alkyl such as methyl, ethyl, propyl or
butyl and most preferably wherein R 1 is hydrcgen, . In another
embodiment, T is a 1,2 thiazole optionally substituted with R'

and/or is attached to J at the 2, 3, 4 or 5 position of the

ring

.

It will be appreciated by those skilled *in the art that

compounds of formulae C), depending of the substituents , may

contain one or more chirai centers and thus exist in the form

of many different isomers, optical isomers (i.e. enantiomers)

and mixtures thereof including racemic mixtures. Ail such

isomers, enantiomers and mixtures thereof including racemic

mixtures are included within the scope of the invention.

Preferred compounds cf the invention include:
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(1) N- [4-guanidino-i- (thiazoie-
2 -carbonyl) -butyl) -2- [2-

oxo-4- {3 -phenyl -propionyl)

-

piperazin-l-yl] -acetamide

(2)

(3)

(4)

(5)

N- [1- {benzothiazole-2

carbonyl ) - 4 -guanidino-

butyl] -2- [2-0x0-4- (3-

phenyl-prcpionyl)

-

piperazin-i-yl] -acetamide

2- [2-Benzyl-3, S-dioxo-4- (3

phenyl -propyl ) -piperazin-1-

yU -N- [4-guanidino-i-

( thiazoie -2 -carbonyl)

-

butyl] -acetamide

N- {4-guanidino-i- (thiazoie-
2 -carbonyl) -butyl] - 2- (2-

oxo-4-

phenylmethanesulfonyl -

piperazin - i -yl ) acetamide

N- [l-carbamimidayl-

piperidir. - 3 -y 1methyl ) - 2 -

oxo-2-thiazol-2-yl-ethyl]

2- {4 - ({3,4-dichloro-

phenyl) -propionyl] -2-oxo-

piperazin-l-yl} -acetamide

23

PCT/US97/I53I2

HN NH,

SO,

V-
0 rV^ H

O N

IIN NH
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(6) N- [1- (
1 -carbamimidoyl

-

piperidin-3-ylmethyl) - 2-

oxo-2-thiazol-2-yl-ethyl]

-

2- (2-oxo-4-

phenylmethanesuifonyl -

piperazin-l-yl} -acetamide

(7) N-'tl - (4-amino-cyclohexyl) -

2 -oxo- 2 - thiazol - 2 -y1

-

ethyl] -2- (2-0x0-4-

phenylmethane-sulfonyl

-

piperazin-l-yl} -acetamide

( 6 ) N- [1- (3 -carbamimidoyl

-

benzyl) -2-oxo-thiazol-2-yl

ethyl] - 2- (2-0x0-4-

phenylmethanesulfonyl -

piperazin - 1 -yl }-acetamide

( 9 ) N- [ 1 - <
1 - carbamimidoyl -

piperidin-3-ylmethyl) -2-

oxo- 2- thiazol -2-yi-ethyl]

-

2- [2-isopropyl-6-oxo-4- (3-

phenyl- propyl) -piperazin-l

yl } -acetamide

(10) 2- < 2 -benzyl -6 -oxo -4-

phenylmethanesulfonyl -

piperazin-l-yl) -N- [1- (l-

carbamimidoyl-piperidin- 3 -

ylmethyl) - 2 -oxo- 2 -thiazol-

2 -ylethyl] acetamide

PCT/US97/153U

°
i!0 ^Y^N

N

HN^NH,

T 1 o

6*
NH,

O

n
J

o

IIN Nil.

24
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(11) N- [l- (l-carbamimidoyl-

piperidin-3-ylmethyl) -2-

oxo-^-thiazol-2-yl-ethyi] -

2- (2-isopropyl-6-oxo-4-

phenylraethanesulfonyl

-

piperazin- 1 -yl } -acetamide

(12) N- (i- (4-aminocyclohexyi) -2-

thiazol-2-ylethyl] -2- (2-

isopropy1 - 6 -oxo - 4 -

phenylmethanesulfonyl

-

piperazin- l-yl
) -acetamide

(13) N- [1 - (4-aminocyclohexyl ) -2-

oxo-2-thiazol-2-ylethyi] -2-

(
2 -benzyl - 6 -oxo - 4 -

phenylmethanesulfonyl-

piperazin -l-yl } - acetamide

(14) N- [1- (4-aminocyclohexyl) -2-

oxo-2-thiazoi-2-ylethyi] -2-

(2-benzyl-4- [3-(3,4-

dichloro- phenyl) -propyl]

-

3 , 6-dioxo-piperazin- 1 -yl } -

acetamide

(15) 2- {2 -benzyl -4- [3,4-

dichloro-phenyl] -propyl]

-

3 ,
€ -dioxo-piperazin- 1 -yi } -

N- [ l - (
1 -carbamimidoy1 -

piperidin-3-ylmethyl) -2-

oxo-2-thiazol-2-ylethyl; -

acetamide

PCT/DS97/I5312
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(16) 2- <4-benzenesulfonyi-2-oxo

piperazin-1 -yl) -N- (4-

guanidino-1- (thiazole-2-

carbonyl) -butyl] -acetamide

(20) 2- [2-Benzyl-3, 6-dioxo-4- (

j

phenyl-propyl) -piperazin-1-

yl] -N-H-guanidino-l-

tthiazole-^-carbonyl) -

butyl ] -acetamide

(21) N- [ 1- <l-Carbamimidoyl-

piperidin-3-ylraethyl) -2-

oxo-2-thiazoi-2-yl-ethyl]

-

2- (2-methyl-3, 6-dioxo-4- (3

phenyl-propyl) -piperazin-1

yl] -acetamide

(22) N- [2- (1-Carbamimidoyi-

piperidin-3-yl) -1-

( thiazole-2-carbonyl)

-

ethyi)-2- {2-isopropyi-3, G-

dioxo-4- (
3 -phenyl -prcpyl )

-

piperazin-1 -yi } -acetarnxde

(23) N-[2- (1-Carbamimidoyl-

piperidin-3-yl ) -1-

(thiazoie-2-carbonyl)

-

ethyi]-2- [2-isobutyl-3, 6-

dioxo-4- < 3-phenyi-propyl) -

piperazin-l-yl] -acetamide

PCTAJS97H5312
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(24 ) 2-f2-sec-Sutyl-3
f 6-dioxo-«?-

(3-phenyl -propyl)

-

. piperazin-l-yl]-N-(l-<i-

carbamiraidoyi-pipericiin-3-

ylmechyl) -2-oxo-2-thia2ol-

2-yl-ethyl) -acetanu.de

PCT7U597/15312

M N-

N

(25) 2-[2-Butyl-3, 6-dioxo-4- (2-

phenyl -propyl) -piperazin-1-

yl] -N- (2- (1-carbamirnidoyl-

piperidin-3-yl) -i-

( thiazole-2-carbonyl)

-

ethyl j -acetaraide

CH,
HNYNH

'

(2 6) 2-{2-Benzyl-4-[3- (3, 4-

dichloro-phenyl ) -propyl ]

-

3, 6-dioxo-piperazin-i-yi }

-

N- [2- ( 1-carbamimidoyl-

piperidin-3-yl) -1-

(thiazole-2-carbonyl)

-

ethyl] -acetamide

(21) N-{2- { 1-Carbamimidoyi-

piperidin-3-yl ) -1-

( thiazole-2-carbonyi )

-

ethyl] -2-[3, 6-dioxo-4 -
(
3-

phenyi-propyl) -2-pyridin-

ylmethyl-piperazin-i-yi]

acetamide

HN

(28) 2-[2-Benzyl-3, 6-dioxo-4 - {
3-

phenyl -propyl) -piperazin-I-

yl ] -N- i
2 - (l-carbamiinidcyl-

piperidin-3-yl) -1-

(thiazole-2-carjbonyi)

-

ethyl] -acetamide

>-NH,
HN

27
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(29) N-{1- (l-Carbamimidoyl-

piperidin-3-ylmejhyl) -2- •

oxo-2-thiazol-2-yl-ethyl] -

2-[3- (4-chloro-benzyl) -2,5-

dioxo-1- (3-phenyl-propyl )
-

piperidin-4-yl ] -acetamide

(30) N-(2- <l-Carbamimidoyl-

piperidin-3-yl) -1-

(thiazole-2-carbonyl)

-

ethyl] -2- [2-naphthalen-2-

ylmethyl-3, 6-dioxo-4- (3-

phenyl-propyi) -piperazin-i-

yl] -acetamice

so
N

(31) N- [2- (1-Carbamimidoyl-

piperidin-3-yl) -1-

(thiazole-2-carbonyl)

-

ethyl] -2- [2-

cyclohexylmethyl-3, 6-dioxc-

4- (3-phenyl-propyl)

-

piperazin-l-yl ] -acetamide

( 32 ) N- ( 1- {
1 -Carbamimidoyl-

piperidin-3-yinethyi ) -2-

oxo-2-thiazci-2-yl-ethyl 1
-

2- [2- (4-methoxy-benzyl )

-

3, 6-dioxo-4- (3-phenyl-

propyl) -piperazin-l-yl ]

-

acetamide

H
5
C,Q

IT V0
n v—ki

HN

28

\
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(33) N- f 2- {
1 -Carbamimidoyl-

piperidin-3-yl) -l-

( thiazole-2-carbonyl )

-

ethyl] -2- (
4 -methyl-2-

naphthalen-2-ylmethyl-3, 6-

dioxo-piperazin-l-yl)

-

acetamide

(34) N-(2-Benzothiazol-2-yl-i-

( 3-carbamimidoyl-benzyl
)
-2-

oxo-ethyl] -2- [2-benzyl-3, 6-

dicxo-4- (3-phenyl-propyi) -

piperazin-l-yl] -acetamide

(35) 2-{2-[2-Benzyi-3,6-dioxo-<!-

(
3-phenyl -propyl )

-

piperazin-l-yl]

-

acetyl amino} -3 - (1-

carbamimidoyl-piperidin-3-

yl) -N-methoxy-N-methyl-

propionamide

PCI7CS97/I5312

c

.0. ?-o

(36) 2- [2-3enzhydryl-3, 6-dioxo-

4- <
3 -phenyl -propyl)

-

piperazin-l-yl ] -N- [2- (
1-

carbaraimidoy l-piperidin-3-

yl) -1- ( thiazoie-2-

carbonylj -ethyl] -acetamide

(37) N-(2- (1-Carbamimidoyl-

piperidin-3-yl) -1-

( thiazole-2-carbonyl)

-

ethyi]-2-[3,6-dioxo-2-

phenethyi-4-
< 3-phenyl-

propyl) -piperazin-l-yl] -

N

6 -H*

29
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acetamide

PCT/UOT7/153I2

(38) 2-[2-Benzyi-3, 6-dioxo-4- (3-

phenyl-propyl) -piperazin-1-

ylj -N-|2- ( 1-carbamimidoyl-

piperidin-3-yl )
-1-

( thiazole-2-carbonyl )

-

ethyl] -acetamide
HN

(39) N- {
1 - Forrayl- 4 -guanidino-

butyl) -2- (2- (4-methoxy-

benzyl) -3, 6-dioxo-4- (3-

phenyl-propyl ) -piperazin-1-

yl] -acetamide

(40) N-(2- {1-Carbamimidoyl-

piperidin-3-yl)

( thiazole-2-carbonyl)

-

ethyl) -2- [2- <4-chloro-

benzyl) -4-methyl-3, 6-dioxo-

piperazin-l-yi ] -acetamide

(41) N- {2-Benzothiazol-2-yl-I-

( 1-carbamimicoyi-piperidin-

3-ylmethyl) -2-cxo-ethyl ]
-2-

(
4 -methy1-2 -naphtha lea- 2-

ylmethyl-3 , 6-dioxo-

piperazin-I-y 1
) -acetamide

(42) 2- l2-Benzyl-2 , S-dioxo-4- (3-

phenyi-propyi } -piperazin-1-

yl) -N- {
1- ( I-carbamimiaoyi-

piperidin- 3-y lmethyl ) -2-

oxo-2 -piper i din - i -yl-

ethyl) -acetamide

W0 -v
HN

NH

i

o °v
/—\

HN

N

30
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(43) 2-(2-[2-Benzyl-3,6-dioxo-4-

(3-phenyl-propyi)

-

p*perazin-a-yl] -

acetylaraino ) -3- (1-

carbamimidoyl-piperidin-3-

yl) -N-methyl-propionamide

PCT/usyr/i53«

(44) 2-{2-[2-Benzyl-3,6-dioxo-4-

(3-phenyi-propyl)

-

piperazin-l-yl]

-

acetylamino) -3- (1-

carbamimidoyl-piperidin-3-

yl) -N-cyclcpentyl-

propionamide

HN NH,

(45) N-(2- { 1-Carbamlmidoyl-

piperidin-3-yl) -1- (hydroxy-

thiazol-2-yl-methyl) -

ethyl] -2-[2-naphthalen-2-

ylmethyl-3,6-dioxo-4- (3-

phenyl -propyl) -piperazin-I-
yl] -acetamide HN

N

(46) 2- {2 -Benzyl -4- [3- (3, 4-

dichlorc-phenyi) -prcpyi j

-

3, 6-dioxo-piperazin-l-yi ) -

N-[2-
( 1-carbamimidoyl-

piperidin-3-yl) -1-

(thiazole-2-carbonyl)

-

ethyl] -acetamide

(47) 2- (2-Benzyl-4-butyl-3
,
6-

dioxo-piperazin- 1-yl

)

-n- [
2 -

( l-carbamin:idoy 1 -piperidin-

3-yl) -I-(thiazoie-2-

carbonyl) -ethyl
) -acetax.ide

HN

31
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(48) 2- {2-Benzyl-3, 6-dioxo-4-

phenethyl-piperazin-i-yl) -

N-(2- (1-carbantimidoyl-

piperidin-3-yl) -1-

( thiazole-2-carbonyl) -

ethyl ] -acetamide

(49) N- [2- ( 1-Carbamimidoyi-

piperidin-3-yl) -1-

( thiazole-2-carbonyl) -

ethyl] -2- (2, 4-dibenzyl-3, 6

dioxo-piperazin-l-yl) -

acetamide

(50) N-{2- ( 1-Carbamiraidoyl-

piperidin-3-yl) -1-

( thiazole-2-carbonyl) -

ethyl] -2- (2, 4-dibenzyi-3, 6

dioxo-piperazin-l-yl) -

acetamide

;51) 2-[2-Benzyl-3, 6-dioxo-<;- (3

phenyl -propyl ) -piperazin-I

yl] -N- (2- ( 1-carbamimidoyl-

piperidin-3-yl) -1-

hydroxymethyl-ethyl] -

acetamide

PCT/DS97n5312

32
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(52) N- [ 1- (1-Carbamimidoyl-

piperidin-4-yi) -2-OXO-2-

thiazol-2-yl-ethyl]-2- (4-

methyl-2-naphthalen-2-

ylmethyl-3, 6-dioxo-

piperazin-l-yi) -acetamide

PCT/US97/153U

(53) N-[2- (l-Carbamiinidoyi-

piperidin-3-yl) -1-

( thiazole-2-carbonyl )
-

ethyl]-2-(4-methyl-2-

naphthalen-l-yimethyl-3, 6-

dioxo-piperazin-l-yi)

-

acetamide

(54) N- [2- (1-Caxbamimidoyi-

piperidin-3-yl) -1-

( thiazole-2-carbonyl)

-

ethyl] -2-[2- (3, 4-dichloro-

benzyl J -3 , 6-dioxo-4 - (
3-

phenyl -propyl) -piperazin-1-

yl] -acetamide

N

a

(55) 2-{2-Benzyl-4-f3-(4-

methoxy-phenyl j -propyl ]

-

3 , 6-dioxo-piperazin-l-yl I
-

N- [2- ( 1-carbanu.rrJ.doyl-

piperidin-3-yl) -1-

(thiazole-2-carbonyl)

-

ethyl] -acetamide

HN

N

33
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(56) 2- f2-Benzyl-3 , 6-dioxo-4- {
3-

p-tolyl-propyl) -piperazin-

1-yl] -N-(2- (1- *

carbamimidoyl-piperidin-3-

yl)-l-(thiazole-2-

carbonyl) -ethyl] -acetamide

PCT/US97n5312

MM

; 57 ) 2- { 2-Benzyl- 4 - [ 3- {
4 -chlorc-

phenyl) -propyl] -3
f 6-dioxo-

piperazin-l-yl } -N- { 2- {
1-

carbaraimidoyl-piperidin-3-

yl)-l-(thiazole-2-

carbonyl ) -ethyl ] -acetamide

a 1

HN

( 58 ) 2 - ( 2-Benzyl - 3 , 6-dioxo-4 - {
3

-

phenyl-propyl ) -piperazin-1-

. yl] -N- [ 1- ( 1-carbamimidoyl-

piperidin-4 -yl) -2-oxo-2-

thiazol-2-yl-ethyl]-

acetamide
>-NH

?

HN

(59) N- { l-Benzoyl-2- (
1-

carbamiinidoyl-piperidin-3-

yl ) -ethyl ]
-2-

{ 2-benzyi-4

-

butyi-3, 6-dioxo-piperazir.-

1-yl) -acenama.de

(60) 2- [2 -Benzyl- 3, 6-dioxo-4-C

phenyl-propyl) -piperazin-;

yil -N- [ 1- < 1-carbarnimidoyl-

piperidin-3-ylmethyi) -2-

oxo-2-phenyl-ethyl]

-

acetamide

HN

N

NH,

HN

34
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1) 2-(2-Benzyl-3, 6-dioxo-^- (3-

phenyl-propyl ) -piperar in- 1 -

ylj -N-[ 1- (1-carbamimiccyl-

piperidin-3-ylmethyl) -2-

oxo-propyl] -acetamide

2) 2- (2-Benzyl-4-butyl-3, 6-

dioxo-piperazin-l-yi
) -n*- [

1-

( 1-carbamimidoyl-piperidin-

3-ylmethyl ) -2-oxo-propyl ]
-

acetamide

D 2- (2-Benzyl-4-butyi-3, 6-

dioxo-piperazin-l-yi) -N- (1-

( 1-carbamimidoyl-pipericiin-

3-ylmethyl ) -2-oxo-propyi ]

-

acetamide

) 2-[2-Benzyl-3, 6-dioxo- 4 - (
3-

phenyl-propyl) -piperazir.-l-

yi] -N-{1- (1-carbamimidcyl-

piperidin-3-ylrnethyl) -2-

oxo-prbpyl ] -acetamide

2-{2-Benzyl-4-[3-(4-nitro-

phenyl) -propyl] -3, 6-dioxo-

piperazin-I-yl}-N-[2- (1-

carbamimicoyl-piperidin -3-

yl)-l-(thiazole-2-

carbonyl) -ethyl] -acetar.ide

PCT/US97/I5312
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(66) 2-[2-Benzyl-3, 6-riioxo-4- <
3-

phenyl-propyl ) -piperazin-1-

yl] -N- {
1- ( 1-carbamimidoyl-

piperidin-3-ylmethyl) -2-

oxo-propyl] -acetamide

(67) 2-<2-Benzyl-4-butyl-3,6-

dioxo-piperazin-l-yl) -N- [ 1-

( 1-carbaraimidoyi-piperidin-

3-ylmethyl) -2-oxo-propyl ]
-

acetamide

( 68 ) N- ( 2- { 1-Carbamimidoyl-

piperidin-3-yl ) -I-

( thiazole-2-carbonyl )
-

ethyl] -2- {2- <4-methoxy-

benzyl) -4-methyl-3 , 6-dioxo-

piperazin-l-yl ) -acetamide

(69) 2-(4-Benzyl-2-naphthalen-2-

ylmethyl-3, 6-dioxo-

piperazin-l-yl) -N- {2- (
1-

carbamimidoyi -piperidin-3-

yl) -1- ( thiazolc-2-

carbcnyl! -ethyl] -acetamide

(70) 2-{2-3enzhydryl-3, 6-dioxo-

4- (3-phenyl-propyi)

-

piperazin-l-yl ) -N- [2- (
1-

carbamimidoy 1 -pipe ri din- 3

-

yl) -i- ( thiazole-2-

carbonyi) -ethyl] -acetamide

PCT/US97/15312
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(71) 2-{2-Benzyi-4-[3-{4-

isopropyl-phenyl) -propyl ] -

J 3, 6rdioxo-piperazin-l-yi } -

N- f 2- ( 1-carbamimidoyl-

piperidin-3-yl) -1-

(thiazcie-2-carbonyl )

-

ethyl ] -acetamide

(72) 2-{2-Benzyl-4-[3-(4-

hydroxy-phenyl ) -propyl )

-

3 r 6-dioxo-piperazin-l-yi }

-

[2- < 1-carbamimidoyl-

pipericin-3-yl) -1-

( thiazoie-2-carbonyi) -

ethyl] -acetamide

(73) N-(2-
\ 1-Carbamimidoyl-

piperidin-3-yl J -1-

(thiazole-2-carbonyl
)
-

ethyl]-2-[2-(2-chloro-

benzyl )-j
f 6-dioxo-4- {3-

phenyl -propyl ) -piperazin- 1 -

yl] -acetamide

74 ) N-[2- ( l-Carbanimidoyi-

piperidir.-3-y 1 J
-1-

( thiazole-2-carbonyl)

-

ethyl] -2-12- (3, 4-dichlorc-

benzyi! -4-metnyl-3, 6-dioxo-

piperazir.-i-yl
J -acetamide

PCI7US97/15312

37
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(75) N-(4-(N-Methyl-guanidino)

-

1- ( thiazole-2-carbonyl )

-

butyl] -2- H-methyi-2-

naphthalen-2-ylmethyl-3 ,
6-

dioxo-piperazin- i-yl )

-

acetamide

(7 6) 2- [4 -Butyl -2- (3, 4-dichloro

benzyl) -3, 6-dioxo-

piperazin-l-yi] -N-{2- (1-

carbamimidoyl-piperidin-3-

yl) -1- (thiazoie-2-

carbonyl) -ethyl] -acetarniae

(77) 2- <2-Benzyl-4-butyl-3, 6-

dioxo-piperazm- i - yl ) -N- [2-

( l-carbamimidoyl -piperi din-

3-yl) -l-{pyridine-2-

carbonyl) -ethyl] -acetamide

(78) N-[2- (1-Carbammicoyl-

piperidin-3-yi ) -I-

(pyridine-2-carbonyl )

-

ethyl] -2- (2- { 3, A -dichloro-

benzyl) -3, 6-dioxo-4- (
3-

phenyl ~propyi j -piperazin- 1-

yl] -acetamide

(79) N- [ 1- ( L-Carbamimidoyl-

piperidin-3-y imethyl ) -2-

oxo-2-*hiazol-2-yi-ethyi ]

-

2-[2-(4-chloro-benzyl) -3,

6

dioxo-4- ( 3-pheny 1-propyi )
-

piperazm-I-y. ) -acetamide

PCT/US97H5312
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(80) 2-H-Butyi-3, 6-dioxo-2-

(phenylmethanesulfonylairuno

-methyl) -piperazin-l-yi j -N-

[
2 - (

1 -carbamimidoy1

-

piperidin-3-yl) -1-

( thiazole-2-carbonyl) -

ethyl ] -acetamide

PCT/US97/15312

H
3
C

(81) N- (1- (1-carbamimidoyl-

piperidin-3-ylmethyl) -2-

oxo-2-thiazol-2-yl-ethyi] -

2- [2, 5-dioxo-4- (3-phenyi-

propyl) -piperazin- l-yl] -

acetamide

(82) 2- [2 -benzyl -3 , 6-dioxo-4- (3

phenyl -propyl ) - piperazin - 1 •

yl] -N- {4-guanidine-l-

(thiazole-2-carbonyl) -

butyl] -acetamide

(83) N- [2-benzothiazol-2-yl-l-

( 1- carbamimidoy 1 -piper idin-

3-ylmethyl) -2-oxo-ethyl] - 2-

[
2 - benzyl -3,6 -dioxo - 4 -

{ 3 -

phenyl -propyl ) -piperazin- 1

-

yl] -acetamide

(84 ) N- [2- {1 -carbamimidoy1 -

piperidin-3-yl) -l-

(thiazole-2-carbonyl) -

ethyl] -2- t2-naphthalen-2

-

ylmethyi -3 , 6-dioxo-4- (3-

phenyl -propyl) - piperazin- l-

yl] -acet amide HN
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(85) N- f 1- ( 1-carbamimidoyi-

piperidin-3-yimethyl) -2-

thiazcH-2-yl-etshyl] -2- [2-

methyl -3 , 6-dioxo-4- (3-

phenyl -propyl ) -piperazin- 1 -

yl] -acetamide

(86) 2- [2-benzyl-3,6-dioxo-4- (3-

phenyl -propyl) -piperazin- 1-

yl] -N- [2- <3-carbamimidoyl-

phenyl) -1- (thiazole-2-

carbonyl) -ethyl] - acetamide

(87) N- (1- (1-carbamimidoyl-

piperidin-3-ylmethyli -2-

oxo-2- thiazol-2-yl-ethyl] -

2- [2- (3-chloro-benzyl) -3,6-

dioxo-4- (3 -phenyl -propyl) -

piperazin-l-yl] -acetamide

(88) 2 [4 -butyl -2- ( 3 , 4 -dichloro-

benzyl) -3 , 6-dioxo-

piperazin-l-yl] -N- [l- (i-

carbamimidoyl -piperidin- 3 -

ylmethyl) -2-oxo-2-thiazol -

2yl -ethyl] acetamide

(89) N- [1- (1-carbamimidoyi-

piperidin-3-ylrnethyi ] - 2-

oxo-2-thiazol-2-yl-ethyl] -

2 -
[ 2 - ( 3 , 4 -dichicro-bsnzy 1 )

-

3 , 6 -dioxo-4 - ( 3 -phenyi -

propyl) -piperzin-l-yi] -

acetamide

PCT/US97/IS312
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(90) 2 - £ 4 -butyl - 2 - {
2 - chlorc -

ben2yl) -3,6-dioxo-

piperazin-l-yl] -N- [i- >i-

carbamimidcyl -pipericm- 3

ylmechyl) -2-oxo-2-thiazol

2-yl -ethyl] -acetamide

(91) 2 {2 -[4 -butyl -2- (2 -chloro -

benzyl) -3 , 6-dioxo-

piperazin-1-

y1 ] ace tylamino } - 3 -
{ l -

carbamirnidoyl -piperidin-4 -

ylmethyl) -2-oxo-2- thiazci

-

2-yl-ethyl] -acetamide

(92) 2- [4 -benzyl -2- (4-methoxy-

benzyl ) - 3 ,
6 -dioxo-

piperazin-l-yl] -N- [l- {:-

carbamirnidoyl - piperidin - 4 -

ylmethyl) -2-oxo-2-thiazol-

2-yl -ethyl] -acetamide

( 93 ) 3 - {
1 -carbamirnidoyl

-

piperidine-3 -yl) -2- [2 - [2-

(2 -chloro - benzyl j -3,6-

dioxo-4- (3 -phenyl -propyl) -

piperazin-l-yl]

-

acetylamino] -N-methyl-

propionamide

194) OS) -N- [l- (1 -carbamirnidoyl -

piperidin- 3 -ylmethyl) - 2-

oxo-2-thiazol-2-yl-ethvI] -

2- {4- [3- (3,4-dichloro-

phenyi) -propionyl] -2-oxo-

piperazin-l-yl } -acetamide

41
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(95) 2- (4-Benzenesulfonyl-2-cxo

piperazin-l-yl) -w- [
l-

(benzothiazole-2-carbonyi

;

guanidino-butyl] -acetamicie

( 96 ) 4 - { 2-Carboxy-2 -oxo- 1
- [ 2- i 2 -

oxo-4-phenylmethane-

sulfonyl-piperazin-l-yl )

-

acetylamino] -ethyl )

-

cyclohexyl amine

(97) N- [4-guanidino-l- (thiazoie-

2-carbonyl) -bucyl] -2- (2-

oxo-piperazin-l-yl)

-

acetamide

(98) 5- [ (2R) -2-benzyl-3, 6-dioxc-

4- (3-phenylpropyl) -1,4-

diazinan- l-ylmethyl-

carboxamido] pentylamine

(99) 4- (2S) -2-benzyl-3,6-dioxo-

4 -
(
3 -phenyipropyl ) - 1 , 4 -

diazan-i -ylmethyl-

carboxamido] butylamine

PCT7US97/15312

NH

HN^NH,
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(100) 4- ( (2R) -2-benzyl-3,6-ciioxo-

(103

PC77US97/I5J12

4- (3-phenylpropyl) -1,4- T J
, diazinan-l-ylmethyl- J JT

carboxamido] guanidinccucane OP^L n,

if

(101) N- (4 -carbamimidoyl -phenyl) -

2- [2-cyclohexa-2,4-

dienylmethyl-3,6-dioxo-4-
JT J

(3 -phenyl -propyl ) - CT^lI^l
piperazin-l-yl]acetaniide iT^

0

(102) N- (4 -amino-cyclohexyl-

raethyl) -2- [2 -benzyl -2 . 6- (^J
dioxo-4- (3-phenyl -propyl ) -

°
I

piperazin-l-yl] -acecatnide

Sr
6 <A

H

2- [2-benzyl-3, 6-dioxo-4- (3-

phenyl -propyl) -piperazin-l- C 1
yl] -N- (l-carbozmimdoyl- j?

piperidin-4-ylmethyl) - {^f^^X/^^
If

acetamide

\pZ-NH
-N

(104) A7-{4-Araino-cyclohexyi-

methyl) -2- [4- (diphenyi-

methanesulfonyl) -2-oxc-

piperazm-l-yi 1 -acetamid.
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(105) (4-Carbamimidoyl-benzyl)

-

2- (4- (diphenyl-

methanesulfonyi ) -2-oxo-

piperazin-I-yl ] -acetamide

PCT/US97/15312

(10S)

(107)

2- [4-Butyl-3, 6-dioxo-2-

(phenylmethanesulfonyl amine

-methyl) -piperazin-l-yl

]

-n-

[ 1- ( 1-carbamimidoyl-

piperidin-3-ylmethyl ) -2-

oxo-2-rhiazoI-2-yl-ethyl ]

-

acetamide

2-{4-Benzyl-2-( (diphenyl-

methanesulfcnylamino)

-

methyl j -3, 6-dioxo-

piperazin-l-yl } -N- (1-

carbamimidoy 1 -piperidin-4

-

ylmethyl) -acetamide

HN NH.

HN MH.

44
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(108) 2-[4-Benzyl-2-(4-methoxy-

benzyl) -3, 6-dioxo-

piperazin-l-yl] -N- {
I-

carbamimidoyl-piperxdin-4-

ylmethyl) -acetamide

(109)

(110)

2-[4-Benzyl-2-(4-methoxy-

benzyl J -3, 6-dioxo-

piperazin-l-yl] -A/- < 4-

carbamirnidoyl-2-chloro-

benzyl) -acetamide

A,'- ( 6-Amino-2-chloro-

pyridin-3 -ylmethyl) -2 - [4-

benzyl-2- (4-methoxy-

cenzyi) -3, €-dioxo-

piperazin-l-yi
] -acetamiae

PCT/US97/15312

OMe

1N

1

O
I

HN^NHOH
OMe

so.

O N

Me

NH,

v

45



WO 98*09987

(111) { [4-( (2-(4-Benzyl-2-(4-

rnethoxy-benzyl ) -3, 6-dioxo-

piperazin-2-yl ) - •

acetylamino \ -methyl) -2, 5-

dichloro-phenyl ] -imino-

raethyl } -carbamic acid ethyl

ester.

PCT/US97/I5312

OMe

Other preferred compounds of the invention, wherein R
3
and R 4

from substituent Y together form a 5 or 6 member saturated or

unsaturated carbocyciic ring, include:

17)

(18)

2- (4 -benzoyl- 2 -oxo- 3 ,
4-

dihydro-2H-quinoxalin- 1 -yl)

-

N- [4-guanidino-l- (thiazple-

2-carbonyl) -butyl] -acetamide

N- [4-guanidino-l- (thiazole-

2-carbonyl) -butyl] -2- [2-oxo-

4- {3 -phenyl -propionyi) -3,4-

dihydro-2K-quinoxalin-l-yl]

-

acetamide

HN NH,

(I

0 J^\[ It

o n u

c
HN' NT; I.
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(19) N- [4-guanidino-l- (thiazole-
2-carbonyl) -butyl] -2- (2 -oxo- ^T-^S°t

4-phenyimechanesulfonyl - 3 ,

4

dihyero-2H-quinoxalin-i- X X[J

PCTAJS97/15312

yl) acetamide

V-

HN

(112) N- (4-guanidino-l- (thiazole-
2 -carbonyl ) -butyl ] - 2 - (

2 -oxo-

3,4-dihydro-2H-quinoxalin-l-
1 ^

yl) -acetamide T

NH

HN^NR

NH

HN NH,

(113) N-(4-Guanidino-butyl) -2- (2-

oxo-4 -phenylmethanesulfonyl- —'
S°

1
-

3,4-dihyciro-2H-quinoxa.'iin-l- SfS JT'
yl) -acetamide 0 ^fl^^J

(114) W-(l-Carbamimidoyl-

piperidir.-4-yimethyl) -2- (2 —

'

S°*

oxo-4-phenylmethanesuifonyi- - Sr N,N

3, 4-dihydro-2tf-quinoxaiin-l- °
()^(| n-4

yl) -acetanide

Nil.

UN

Particularly preferred compounds of the present invention
include:

(3) 2 -f2-3en Zy:-3,6-dioxo-4-{3-phenyI-?ropyl)-piperazin-l-
yl] -N- [4-guanidino-l- (thiazole- 2 -carbonyl) -butyl]

-

acetamide

;

(14) N- (1 - (4 -amir.ocyclohexyl
) -2-oxo-2-thiazol-2-ylethyl] -2-

{
2 -benzyl - 4 - { 3 - ( 3 ,

4 -dichioro - phenyl ] -propyl ] - 3 .
6 -dioxo

piperazin-l-yl} -acetamide;

(15) 2-{2-benzyi-4-[3,4-dichloro-Phenyi) -propyl] -3 ,
6 -dioxo

-

piperazin-l-yi}-N- [1- (l-carbamxT.idoyi-piperidixi-3-

47



WO 98/09987
PCITOS97/IS312

ylmethyl) -2-oxo-2-thiazoi- 2-ylethyl] -acetamide;

(28) 2- [2-Benzyl-3, 6-dioxo-4- <3-phenyl-propyl) -piperazin-1-
yl

] -N- (2- (l-carbaminidoyi-piperidin-3-yl) -1- (thiazole-
2-carbonyl) -ethyl ] - acetamide ;

(43) 2^{2-[2-Benzyl-3, 6-dioxo-4- (3-phenyl-propyl) -piperazin-

1- yl] -acetylamino } -3- (l-carbamimidoyl-piperidin-3-yl) -

N-methyl-propionarnice;

(47) 2- (2-Benzyl-4-butyl-3, 6-dioxo-piperazin-l-yl) -N-(2- (1-

carbamimidoyl-piperiain-3-yl) -1- (thiazole-2-carbonyl) -

ethyl] -acetamide;

(49) N- [2- (l-Carbamimidoyl-piperidin-3-yl) -1-
( thiazole-2-

carbonyl) -ethyl] -2- (2, 4-dibenzyl-3, 6-dioxo-piperazin-l-

yl ) -acetamide

;

(54) N- (2- (l-Carbamimidoyi-piperidin-3-yl) -1-
( thiazole-2-

carbonyl) -ethyl ]
-2- [2- ( 2 , 4 -dichloro-benzyl ) - 3, 6-dioxo-

4- (3-phenyl-propyl) -piperazin-l-yl] -acetamide;

(73) N- [
2- ( 1-Carbamimidoyl -piperidin-3-yl ) -1- ( thiazoie-2-

carbonyl) -ethyl] -2- [2- { 2-chloro-benzyl
)
-3

f 6-dioxo-4- (
3-

phenyl -propyl) -piperazin-l-yl] -acetamide;

( 88 ) 2 [4 -butyl - 2 - ( 3 , 4 -dichloro - benzyl ) - 3 , 6 -dioxo-piperazin- 1-

yl] -N-{1- <l-carbamimidoyl-piperidin- 3 -ylmethyl) -2-oxo-
2 - thiazol - 2yl - ethyl ] acetamide

(90) 2- f4 -butyl -2- (2-chlorc-benzyl) -3
, 6-dioxo-piperazin-l-

yl] -N- [1- (l-carbaminidoyi-piperidin-3-ylmetnyl) -2-oxo-
2- thiazol -2-yl-ethyi : -acetamide

(91) 2{2- [4 -butyl -2- (2-chloro-benzyi) -3
, 6-dioxo-piperazin-l-

yl] acetylamino} - 3- (l-carbamimidoyl-piperidin-4-

ylmethyl) -2-oxo-2-thiazol - 2 -yl -ethyl] -acetamide; and
(93) 3- <l-carbamimidoyl-piperidine-3-yl) -2- [2- [2- (2-chloro-

benzyl) -3
, 6-dioxo-4 - - 3-phenyl-propyl) -piperazin-l-yl] -

acetylamino] -N -methyl -prep lonamide .

Compounds of the invention nay be used in the treatment and/or
prophylaxis of disorders mediated by serine proteases such as
viral serine proteases i.e. HSV, CMV, HCV; those serine
proteases involved in coagulaticin pathways i.e. thrombin,
protein C / activated protein C, factor Vila, ixa and Xa.
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Compounds f the lnvenWon My also fce ^
and prophylaxy o£ angioge„ssls and culnour metasCaeis
particular embodiment

. the compounds are used in the

'

prophylaxis and/or treatment of thrombotic disorders mediatedby the activity of thrombin. Such thrombotic disorders
include venous thrombosis, pulmonary embolism, arterial

M^r^"'"1 in£""ion — i^arction.

=o^!
°' CreaCment ~ PWaxxs according to the inventioncomprise adhering to a mammal, more particularly humanan effects amount of compounds of the present invention. Byeffective- is meant an amount of the compound sufficient toalleviate or reduce the severity of the disorder as measuredby parameters established for the particular indication i.e.blood flow (patency)

. clot site or density.

The compounds of the present invention may be used as anti-
coagulants in vitro or ex vivo as in the case of contact
activation with foreign thromiogenic surfaces such as is foundin tubing used in extracorporeal shunts. The compounds of theinvention may also be used to coat the surface of such
conduits, to this end. the compounds of the invention are
obtained as lyophilized powders, redissoived in isotonic
saline and added in an amount sufficient to maintain blood inan ant 1coagulated state.

The therapeutic agents of the present invention may be
aamxustered alone or in combination with pharmaceutical^
acceptable carriers, diluents or adjuvants. The proportion ofeach earner, diluent or adjuvant ,s determined by the
solubility and chemical nature of the compound, the route ofadm^stration, and standard pharmaceutical practice Forexample, the compounds nay be injected parenterally . th< abeing intramuscularly, intravenously, or subcutaneous^
parenteral administration, the compound may be used in the"form of sterile solutions containing other solutes for
example, sufficient saline or glucose to make the solution
isotonic. The compounds may be administered orally in theform of tablets, capsules, or granules containing suitable
excipients such as starch, lactose, white sugar and the like.
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The compounds may also be administered sublingually in the

form of troches or .lozenges in which each active ingredient is

mixed with sugar or corn syrups, flavouring agents and dye9,

and then dehydrated sufficiently to make the mixture suitable

for pressing into solid form. The compounds may be

administered orally in the form or solutions which may contain

colouring and/or flavouring agents.

Physicians will determine the dosage of the present

therapeutic agents which will be most suitable. Dosages may

vary with the mode of administration and the particular

compound chosen. In addition, the dosage may vary with the

particular patient under treatment . For parenteral

administration, typical dosage is about 0.01 to 500 mg/kg body

weight per day, and preferably about 0.5 to 10 mg/kg body

weight per day.

When the composition is administered orally, a larger quantity

of the active agent will typically be required to produce the

same effect as caused with a smaller quantity given

parenterally

.

Compounds of the invention may be provided in "prodrug" form

which are derivatives of said compounds that are converted to

the active compound either prior to administration or in vivo

upon administration and are encoTpassed by the present

invention. Prodrugs of the present invention are prepared

according to established organic synthetic techniques and

include for example esters cf carboxyl groups. Prodrug

selection and preparation are described in detail in "The

Practice of .Medicinal Chemistry 1

, Ed. C. G . Wermuth
# Academic

Press, New York, 1996 (in particular chapters 31 and 225 which

is incorporated herein by reference. Also encompassed are

salts cf the compounds of the invention, particularly

pharmaceutical^/ acceptable salts such as inorganic salts i.e.

chloride, bromide, sodium, calcium, and potassium; and

organic salts i.e. acetate, citrate, maleate, tartrate and

mesylate. Pharmaceut ically acceptable salts and their

preparation are described in detail in Wermuth <3upra)
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incorporated herein by reference.
**m*m

.o establishea organic chemistry techniques from start-g
materials that are co™*rciaUy available or themselves" 'Lreadily prepared. According to one general .ethod. the lactam

followed by 2
,
ester hvdrogenclvsis to give monocyclic acilintermediate which is in turn 3) coupled by roucine

to the polar ammo acid residue R, to achieve the final
compound. Various substituents may be introduced on thelactam or the polar amino acid residue R, either prior 'orsubsequent to coupling.
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In a particular embodiment, when w is N-R< , the following
general synthetic scheme may be employed.

Scheme 1

NH, NHBoc NH NHBoc NH NH,

rV"5 rV- rv^

O 0H o OBn 0

O J\
O R,

Qriefly, monoprotecred diaminopropane rAldrich) may be

substituted with a group according to R<, for example alkylated
(reductive- animation: J. Org. Chem., 1996, 61:3849) with

hydrocinnamaidehyde. The protecting group of the primary
amine is removed and the di-amine is cyciized into a urea

using triphosgene. The urea is alkylated with benzyl
bromoacetate, followed by ester hydrogenclysis to give an acid

intermediate which may then be coupled by amidation to an R x

subscituent
. It .will be appreciated that substituents may

also be intrcduced on the cyclic urea prior :o coupling with R
:

using conventional techniques in the art.

Where the compound of formula (I) is desired as a single
isomer, it nay be obtained either by resolution of the final

52
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produce or by stereospecific synthesis from isomerically pure
starting material cr any convenient intermediate.
Resolution of the final product, or an intermediate or
starting material therefor, may be effected by any suitable
method known in the art: see for example, "Stereochemistry of
Carbon Compounds", by E.L. Sliel (McGraw Hill, 19S2) , and
"Tables of Resolving Agents", by s.H. Wilen. Resolution of the
final compound can also be achieved using established chiral
HPLC techniques as described in "Chiral Separations", Eds. D.
Stevenson and I.D. Wilson; "Chromatographic
Enantioseparation"

,
Ed. Stig G. Alenmark; and "Chromatographic

Separations of Stereoisomers", Ed. Rex W. Souter, each of
which is incorporated herein by reference.

To further assist in understanding the present invention, the
following non-limiting examples of such thrombin inhibitory
compounds are provided.

20 EXAMPLE la Synthesis of intermediate thiazoloarginine-

MTR-HC1

0
BOC-NH^X

BOCNH-Arg(MTRi.COOH

N-OMe
Me

<\ Me
NH NH-SOj !

HCI HjN

53
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Step l: To Boc-Arg (MTR) -OH (6.61g, l3.6mraoi, Bachem) in
dichloromethane f33mL) at 0°C was added N-mechyl morpholine
(1.65mL, lS.Omraoi) then isobutyl chlorofornate <1.95mL,
15.0mmol) and stirred at 0°C for 3 0 minutes. N,0-dimethyl
amine HC1 (1.5g, 15.4mmol) and N-mechyl morpholine (l.65mL,
lS.Omraoi) was added and stirred at 0

3
C for 4 5 minutes. The

solution was diluted with ethyl acetate (150mL) ; washed with
IN HC1 (2X80mL), brine (80mL), dried with sodium sulfate,
filtered, and then removed solvent in vacuo, and purified with
silica gel column (80% ethyl acetate in hexane to 100% ethyl
acetate). BOC-Arg(MTR) -CO-N(Me)OMe was isolated 4,85g (67.5%)
of product (1) as a white foam.

Step 2: To thiazole (1.95mL f 27.5mmol] and TMEDA (3.8mL,
25.2tnmol, distilled from sodium) in THF (65mL, freshly
distilled from potassium) at -78°C was added nBuLi in hexane
(13.7mL, 24.7mraoi, 1 . 8M) at a rate that raised the internal
temperature to -50°C. Reaction flask was placed in dry
ice/acetonitrile bath to give an internal temperature of
41°C. The solution was stirred for 25 minutes, cooled to
78°C and then BOC-Arg (MTR) -CO-N (Me) OMe (3.18g, fi.Omraol) in THF
(33mL) was added and stirred for 45 minutes. Reaction was
poured over a saturated ammonium chloride solution (200mL aq)

and shook vigorously and then extracted with ethyl acetate
(2X200mL) . Organic phases were combined -and washed with brine
(150mL) , dried with sodium sulfate, filtered, and then the
solvent was removed in "vacuo, purified with silica gel column
(70% ethyl acetate in hexane to 100% ethyl acetate) . BOC-Arc-
CO-thiazol-2-yl was isolated (3.1a, 53%) as a white foam.
Step 3: To BOC-Arg-CO-thiazol-2-yi was added ethyl methyl
sulfide (2.3mL, 25.4mmol) then 4M HC1 in dioxane (20mL) and
stirred at room temperature for 4 0 minutes. A yellow, gummy
precipitate formed and the supernatant was decanted. Ethyl
acetate (40mLl was added and the guxmy precipitate was stirred
to change it to a fine granular precipitate. Precipitate was
isolated by filtration and washed thoroughly with ethyl
acetate (iSOmL) to give 3 . Og of the intermediate thiazolo-
Arg (MTR) .HC1
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m a Uke .annex. cheim^e be„zochiaJalo .A^~
thiazole,m step ,2

.

EXAMPLE lb synthesis of intermediate l-carbamimidovl-
piperidin-3-ylalanine

10

Boc'

Cr
(0

OH (1)

N.O-dimethylhydroxylainino, OIEA

DCM N

(")

Boc'

(V) S-isomer

Boc

(V) R-isomer

UAIH4

THF

Boc

(5)

Boc"

(6)

.
Naao?t KHPO«, H20?

Pmc—J^^^NH m»tnanol / acetonitnte

(VI)
(VII)

(2)

H
J( PtO.

HOAc

(4)

LPmcCL NaOH
acetone

2. separation by
chromatography

OH

(7)

CHjNH^ HATU
OIEA

DMF

(ill)

(3)

1H-pyrazoJe-

1-carboxamiaine

DIEA

*DMF

Boc

HjN

N (IV)

Boc

Pmc—

^

(VIII)

step », To
(I , (1 0. 5g , 39 . SlTOi)methylene chloride <l 06mL) was added BOP reagen-

Ubenzcriazoi-i-y^ cris . (dlMthylaalao
hexarluorcphosphate)

, :8.3 g . 41.4e«ol| and DIEA „43.45ramol). The -eact-ion m-i^,.
<v.56mL,

-eaction mixture was stirred at room
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temperature for twenty minutes and then was added N,0-
dimethylhydroxylarnine hydrochloride (3.85g, 39.5ramol) followed
by DIEA (7.56tnL). The reaction mixture stitred four hours and
the solvents removed in vacuo. The residue was dissolved i;;

ethyl acetate and washed with IN NaOH (3X25mL) , water (2X25.rU
and brine (lXSOmL) , dried over sodium sulfate, filtered ana
the solvents removed in vacuo. The product was crystallized
from ethyl acetate/hexane to yield 5.67 g of produt . The
filtrate was chromatographed on silica gel eluted with 80%

to ethyl acetate/hexane to 100% ethyl acetate to yield 4.4g of
product. Total yield 10.07g (82%) of the desired product
(II) .

Step 2; To (II) (4.4g, 14 . 2ramol) in acetic acid (lOOmL) was
added Pt02 (0.44g) and hydrogen gas in a Parr reactor. The

reation was complete in twenty three hours. The catalyst was
filtered and the reaction mixture concentrated in vacuo. The
product was dissolved in water and lyophylized to yield 5.9g
of the desired product as a sticky oil (III)

.

Step 3: To (III) (6.75g, 17.9mmol) in DMF (9rnL) was added

20 I (IH-pyrazoie-l-carboxamidine hydrochloride) 2.6g ( 17.9mmol]
followed by DIEA (6.25mL f 35mmol) . The reaction mixture was
stirred four hours at room temp, then the sovents removed in
vacuo. The product was triturated with ether several times

and the ether layer decanted. The product (IV) was used
unpurified in the subsequent reaction. .

Step 4: To (IV) {0.56g, 1.56mmol) in acetone (5.8mL) at 0°C

was added 4N NaOH ( 1 . 7mL) and PmcCl [ (4methyloxy-2 , 3 ,
6 -

trimethylbenzenesuifonyl chloride, 0.679g, 2.73mmol] in

acetone (1.7mL). The reaction mixture was stirred an 0°C for

30 2.5 hours. 10% citric acid was added until pH 6.0. The

solvents were removed in vacuo. The residue was extracted

with ethyl acetate several times and the combined organic
phases were washed with brine, dried over magnesium sulfate,

filtered and the solvents removed in vacuo. The product was

purified on silica gel eluted with ethyl acetate to yield

396mg (V) R-isomer and 211mg !V) S-isomer.

Step 5: To a solution of (V) :i.00g, 1.6mmol) in THF (5raL)

at -78°C, was added IK lithium aluminum hydride in THF (6.4mL,

6.4cmnol) drop wise over 10 minutes. The reaction was stirred
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!LT 1
«^txo«al 30 m.nutes. 1M^

(

dded The resulting solution was poured into a separator^funnel contaxning ethyl acetate and water (50mL each) Theorgans layer was separated, washed with brine (50mL) 'anddrxeo wxth sodium sulfate. Evaporation to dryness cave o 93oof (VI) as a white solid.
939

Step 6: to a solution of (vi) :0 .90g, i.58«nol) in
methanol/acetonitrile at 0°C, was added NaClO, (o 40g
3.53..01), KHPO, (0.066g, 0.4 8mmol) and 30% agueous H20„ The•o reactxon was then warmed to room temperature and stirred foran additional 4 hours. The reason mixture was evaporatedhe reSxdue was taken up in H20, Acidified with 10* HC1 to pH2.5 and extracted with ethyl acetate (2X50.nL) . The organiclayer was washed with brine (somL) and dried with sodiumsulfate. After removal of solven, under reduced pressure
(VII) was obtained after crystallization with ethyl
acetate/hexane (0.83g) .

Step 7: A solution of (VII) (0 . 13 g, o.224mmol), HATU [(0- (7-
azahenzotriazol - 1 -yl ) - 1 , i , 3 . 3 - tetramethyluronium

«> hexafluorophosphate)
, O.OSSg, 0.225mmol], methylamine

TZh

Tol
io ' 020g

'

°- 31mmol) andDIEA (o - 08omt" °-™>xn DMF <2.0mL) was stxrred at room temperature for 2 hoursThe reaction mixture was poured into a seoaratory funnel
containing ethyl acetate and saturated NaHCC

3 (20mL each)
organic layer was separated, washed with brine (50mL) anddrxed with sodium sulfate. After removal of solvent unde^reducec pressure, the residue was purified by silica gel

"

column chromatography (ethyl acetate) to give 0 I30g of

The
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EXAMPLE 2 synthesis of compound (1) N- [4-guanidino-l-

(thiazole-2-carbonyl) -butyl] -2- (2-oxo-4- (3-phenyl-

propionyl) -piperazin-l-yl] -acetamide

ditrifluoroacetate salt (1:1 mixture of isomers)

o o

UN Nll-MTR IIN^NHj

Step 1: To a suspension of NaH 60%/oil^ (256 mg, 1.5 eq) in

dry THF (43 ml) , at 0°C, under tt2 , was added the oxo-piperazine

carbamate (1.0 g, 4.27 mmols, Maybridge) in small portions.

The reaction mixture was stirred at 0°C for 30 min and r-Bu

bromoacetace (693 plj, 1.1 eq) was added. The ice bath was

removed and the solution was stirred for 15 hr. Water (2 mL)

was added carefully (to destroy the excess of NaH) and the

solution was poured in EtOAc/H
2
0. The phases were separated

and the aqueous layer was extracted with EtOAc 12x) . The

combined organic layers were washed with sat.aq. NaCl and

dried over Na2SO< . The solids were filtered and the solvents

evaporated- The crude product was purified by flash

chromatography (silica gel, 1:1 hex/EtOAc) to give 1.43 g

(4.12 mmols, 96%) of a white solid.

Step 2: To a solution of the carbamate from step 1 (1.43 g,
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4.12 mmols) in dry MeOH (41 mL) , at: r.t.. under n2 , was addedPd/C 10* (357 mg, 25% wt) . The reaction mixture was placed
under an H2 atmosphere and stirred at r.t. for 60, min Tlae
catalyst was filtered through Celite and the solvent was
evaporated to give the amine (880 mg, 4.12 mmols, 100 %) as awhite solid.

Step 3: To a solution of the amine of step 2 (880 mg 4 12
mmols) in dry DMF (41 mL) , at r.t.. under N2 , were added
successively iPr2NEt (1.43 mL, 2 eq)

, 3-Phenylpropionic acid
(648 mg. 1.05 eq) and BOP (2.72 g, 1.5 eq) . The solution was
stirred at r.t. for 15 hr and was poured in EtOAc/H

20 The
Phases were separated and the aqueous layer was extracted with
EtOAc (2x>

. The combined organic extracts were washed with
10% citric acid (ix), sat.aq. NaHCQ, (ix)

, sat.aq. NaCl (lx)and were dried over Na 2SO, . The solids were filtered and the
solvents evaporated. The crude oil was purified by flash
chromatography (silica gel, 100% EtOAc) to give the amido-
lactam t-butyl ester (1.27 g, 3.65 mmols, 89%)as a beige oil
Step 4: To a solution of the amidolactam t-butyl ester from
step 3 (1.27= g, 3.65 mmols) in dry CH2C1 2 (18 mL) , at 0°C
under N2 ,

was added C-COOH (18 mL) . The solution was stirred
at 0oC for 15 min. and then at r.t. for 3hr. The solvents
were evaporated and the residue was co-distilled with benzene
(2x) to remove the excess CF

3 COOH. The resulting yellow oil
was dried in vaccuo (1.06 g, 3.65. mmols, 100%).
Step 5: To a solution of the acid fro:, step 4 (134 mg, 0.46
mmol) in dry DMF (4.6 mL), at r.t., under N2 , were added
successively thiazolcarginine-OTR-KCl (mtr = 1 -methoxy-2

. 3 ,
6

-

trimethylbenylsulfonyi! (273 mg, 1.2 eq)
. iPr,NEt (241 uL

'

3
eq)

;
and BOP (307 mg, 1.5 eq) . The solution was stirred at

r.t. for 13 hr, after which it was poured in EtOAc/H
20 The

phases were separated and the aqueous layer was extracted with
EtOAc (2x). The combined organic extracts were washed with
10% citric acid (lx)

, sat.aq. NaHCO, (lx). sat.aa. NaCl Px>
and were dried over Ka 2S0, . The solids were filtered and the
solvent evaporated. The crude product was purified by flash
chromatography (silica gel, 90:8:2 StOAc/MeOH/NH,OH cone } to
give the guanidino-protected product (217 mg, c.299 mmol, 65%)
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as a yellow solid.

Step 6 : To a solution of the guanidino-protected product

frcm step S (211 mg, 0.29 mrnol) in CF
3
C00H (4 mL) , at 0°C,

under N2 , was added MeSPh (10% vol of TFA) . The solution was

stirred at 0°C for 3 0 min, then at r.t. for 4 hr. The TFA was
evaporated down to a minimum volume and Et 20 (20 mL) was addec.

The suspension was stirred vigorously for 10 min. The soiids

were filtered, rinsed with Et 20 and dried in vaccuo. The crude

product was purified by HPLC (15% CHjCN/H20 -SO* CHjCN/H20,

180 min) . The salt of compound (1) was obtained as a white

solid (70 mg, 0.094 mmol, 24%).
1H NMR (DMSO-ds , 400 Mhz) : 5 8.60 (d, 1H, J= 7.0), 8.28 (d. 1H,

J= 2.9), 8.19 (d, IH, J= 2.9), 7.60 (t, 1H. J= 5.5), 7.27-7.16

(m, 5H) , 7.40-6.80 (bs, 4H) , 5.42 (m, 1H) , 4.16-3.96 (m, 4H) ,

3.65 (m, 2H) , 3.32 (m, IH) , 3.27 [m, 1H) , 3.11 (q, 2H. J=

6.6), 2.80 (t, 2H, J= 7.6), 2.65 [m, 2H) , 1.90 (m, IH) , 1.64-

1.S5 (m, 3H)

.
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EXAMPLE 3 synthesis of compound (2) N- (1- (Benzothiazole-2
carbonyi) -4 -guanidino-butyl] -2 - [2-oxo-4- (3-phenyl-
propionyl) -piperazin-i-yl] -acetamide
trifluoroacetate salt mixture of isomers)

Step 1: 2-0x0-4- (3 -phenyl -propionyl) -piperazin-l-yl] -acetic
acid was coupled with benzothiazoloarginine-MTR-HCl according
to the procedures described in step 5 of example 2 to give the
guamdino-protected final compound. .*

Step 2: The guanidino-protected product of step i was
deprotected according to the procedures described in step 6 of
example 2 (omitting addition of MeSPh) to give The final
compound (2)

.

Purification: KPLC (20% CH
3CN/H20 - 50% CH,CN/H

20. 240 rain. J

'-H NMR ICMSO-d,. 400 MHz): 6 8.71 (d, 1H. J= 6.7). 8.26 (m,
2H), 7.67 («n,.2H). 7.44 (m. IK) , 7.27-7.13 (m, 5HJ . 5 52 (m
1H), 4.17-3.97 (m, 4H)

, 3.63 (m. 2H) , 3.31 (m, 2H) , 3.13 (q'

2H. J- 6.1), 2.79 ::, 2H, J. 7.5), 2.64 (t, 2H, J= 8.5), 1.95
<m, IK) , i.71 <m, 1H) , 1.58 (m, 2H) .

EXAMPLE 4 synthesis cf compound (3) 2- [2-Benzyl- 3 , 6-dioxo-4-
(3-phenyl-cropyl)- P iPerazin-i-yl]- N.[4-gUanidino-l-
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(thiazole-2-carbonyl) -butyl] -acetamide (1:1 mixture
of isomers)

Step 1: To a solution of the giycine-OEt -HCl (499 mg, 3.58

tranol) in anh. EtOH (36 rnL) , at r.t., under N
2 , were added

hydrocynnamaldehyde (471 ^iL, 1 eq) and NaBH
3
CN (225 mg f 1 eq) .

The solution was stirred at r.t. fcr 18 hr. The EtOH was

evaporated and the residue was poured in CH,C1 2/H20. The
phases were separated and aqueous layer was extracted with
CH2C1 2 (2x> The combined organic extracts were dried over

Na 2S04 , the solids were filtered and the solvent evaporated.
The crude cil was purified by flash chromatography (silica

gei, 1:1 Hex/EtOAc) to give 377 mg ;48%) of the pure amine.

Step 2: (3-phenyl -propylamine* -ace-ic acid ethyl ester was

coupled with Boc -phenylalanine acccrding to the procedure
described in step 3 of example 2. Purification: flash
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chromatography (silica gel, 8:2 Kex/EtOAc) .

Step 3: To a solution of the BOC-carbamate from step 2 (776
mg0 1.66 mmplj in anh. dioxanne (5 mL) , at r.t., under N was
added 4N HCl/dioxanne (0.1 M: 16 mL) . The solution was

*'

stirred at r.t. for 4 hr. The solvent was evaporated and the
oil cried under reduced pressure. The oil obtained was
dissolved in H20 (15 mL) and NaHCO, (700 mg, 5 eq, was added
The solution was heated at 60°C for 15 hr. A white
precipitate was formed. The suspension was cooled to r t and
Che solid was filtered and then dried under vacuum to get" 43 7
mg (32%) of the pure bi -lactam.
Step 4: To a suspension of 60% NaH/oil (81 mg, 1.5 eq) in
anh. THF (13.5 mL)

, at 0<>C, under ::
2 , was added the bi-lactam

of step 3 (437 mg, 1.36 mmol) . in small portions. The
suspension was stirred at O'C for 10 min. then at r.t for 20
min. BrCH2C02Bn (236 uL, 1.1 eq) was added and the reaction
mixture was stirred at r.t. for 13 hr. Water (10 mL) was
added carefully to destroy the excess NaH and the reaction
mixture was poured in EtOAc/H

2C. The layers were separated and
the aqueous phase was extracted with EtOAc (2x) . The combined
organic extracts were washed with sat.aq. NaCl and dried over
MgSO,. The solids were filtered and the solvent evaporated
The crude product was purified by flash chromatography (silica
gel, 6:4 Hex/EtOAc) and the final bi-lactam was obtained as a
white solid (427 mg, 67%)

.

Step. 5: To a solution of the ester from step 4 (427 mg n 91
mmol) in anh. MeOH (9.0 mL) , at r.t.. under n

3 , was added Pd/C
10% (100 mg, 25% wt .

J . The black suspension was placed under
an atmosphere cf H2 and was stirred for 60 min. The catalyst
was filtered through Celite and was rinsed with MeOH. The
solvent was evaporated and the resulting white solid was dried
under vacuum: 338 mg (98%)

Step 6: The acid from step 5 was coupled with thiazolo-
argir.ine-MTR.HCl according to the procedures described in step
5 of example 2 to glve the guar.idino-protected final compound.
Purification: flash chromatography (silica gel, 2% MeOH/EtOAc)
Step 7: The guanidino-protected final compound of step 6 was
deprctected using standard HF cleavage to give final comoound
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(3) as a crude oil. The brown oil obtained was dissolved in
10% AcOH/H20. The. aqueous phase was washed with Et 20 (2x) and
evaporated to dryness. > •

Purification: HPLC (20V CH
3CN/H 20, 20 min; 20% CHjCN/H20 50%

CH
3
CN/H20, 180 min, 5 ml/min) 68 rag of final compound was

obtained as a white powder (0.095 tnmol: 70%).
X
H NMR (DMS0-ds , 400 MHz): 8 8.68 (d, 1H, J- 7.1), 8.29 (t, 1H,

J= 3.0), 8.19 (t. 1H, J= 3.0), 7.46 (m, 1H) , 7.29-7.07 (m. •

10H), 5.42 (q, 1H, J-7.3J, 4.47 (dd, 1H, J- 16.1), 4.17 (dt,

10 1H, J= 4.3, 16.1), 3 .79-3.27 (m + H20) , 3.15-2.97 (m, 4H) , 2.63
(dd, 1H, J= 9.8, 17.1), 2.50-2.43 (m + DMSO) , 1.89 (m. 1H) ,

1.67-1.53 (m, 5H)

.
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EXAMPLE 5 synthesis of compound (17) 2- (4-benzoyl-2-oxo-3
, 4-

dihydro-2H-quinoxalin-i-yl) -N- [4-guanidino-l-
(thiazole-2-carbonyl) -butyl] -acetamide.

Step 1: To a NaH suspension (0.24g, 5.9mniol] in THF (50mL)
at 0°C was added compound a (l.Og, 2.96mmoi, Maybridge) in
small portions. The reaction was stirred for 30 minutes
followed by addition of tert-butyi-2-bromoacetate (0.7mL f

4.0mmol). The reaction was allowed to stir overnight at

ambient termperature followed by standard workup to give
compound b.

Step 2: To compound b (0.6 7mg, l,83mmol) was added EtSMe
{0.3mD followed by TFA (lOmL) at ambient temperature. The
reaction was allowed to stir for 3h. The solvent was removed
then added 10% aq.NaOH. The mixture was extracted with EtOAc
and the aqueous layer acidified with powdered KHSO,, followed
by extraction with DCM. Drying the organic layer with MgSO,
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followed by evaporation of solvent yeilded the acid c.

Step 3: A mixture of c (0.235g, 0.758mmol) and
thiazoioarginine-MTR.HCl (0.4g, 0.755ramol) was dissolved in
DMF (20mL) . The reaction was made basic using NMM then BOP-
reagent (0.37g, 0.8mmoi) was added. Reaction mixture was then
stirred over night. Standard workup followed by column
chromatography (1/1 EtOAc/Hex, v/v) yielded the product e.

Step 4: A mixture of e (0.i4g, O.l9mmol) was dissolved in
TPA (2raL) and thioanisole (0.2mL) was added. The reaction
stirred at room temperature for 6 hours then ether was added
to precipitate the white powder which was purified by RP-TLC
(0.5mm, Sigma,- H2 ) /MeOH/TFA 80/80/5mL, v/v) to give 3 Drag of
final compound (17) .
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EXAMPLE , synthesis ofcm nv N. (4 .9uanidin
~="

(tluazoie-a-carbonyl, -butyil -2- U-oxo-4- (3-phenyl-pro^onyl. ^-dihydro-^inoxalin-i-yl, -acetLide

o

Sr
NH
~T~~ V

a O
O O-t-Bu

1

!

(18)

BOP^,9«« Ife^ Ph"\AN

NH

HN^NH,

O OH

10

•Cas l r? * (1 -^.. S .'5".n.oi. Maybridge,

"=wxv than ^ Chl°riffe
slowxy than s:lrraa at rt for 2h then added brine (50mL) topre=lpi cace the Ught irown solid uhich ^ flltJ*™washea repeatedly with ether and hexane tc glve -Impound bSubsequent step „ere performed in the sa»e lannerT™'- <of examde 5 to vield f^ a i ,

seeps ^-4
^.u yiei.a tmal compound (18) .
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EXAMPLE 7 synthesis of compound (96) h - { 2-Carboxy-2-oxo-l- f
2-

(2-oxo-4-phenylmethane-suif onyl -piperazin-l-yl )
-

acetylamino ] -ethyl } -amino-cyclohexar\e •

TPAP
, NMO, M.S.4A OCM

BOCNHvAn
^0M.

I

Step 1: To a mixture of the alcohol (21.7 g; 0.686 mol) and
powdered molecular sieves 4A (40 g) in methylene chloride (500

mL) was added NMO (N-methyl morpholine oxide 17 g; 0.14 mol)

followed by TPAP (tetrapropyl ammonium perruthenate 2.0 g) ,

The mixture was stirred at room temperature for 4 0 minutes and

then filtered on celite pad and washed thoroughly with

dichloromethane. Silica gel was added to the filtrate and

solvent was evaporated in vacuo. The adsorbed product was

purified on silica gel (EtOAc 60 %, hexanes 40 %) to yield the

pure ketone (15.7 g; 73 %) as a white solid.

BOCNH^ Ji^ ^OUm
BOCNH

LAH, THF -40 *C lo -5
#C

NHMTr
NHMTr

Step 2: To a solution of the amide (1.16 g, 2.21 mrnols) in

THF (30 mL) was added at -40 °C a 1.3 M solution of LAH in

ether (2.9 mL) . The solution was warmed to ~ -5 °C - 10 °C and

stirred for 50 minutes. The solution was cooled to ~ -25 °C

and quenched with 1 M aqueous solution of KHSO< (10 mL) . The

mixture was stirred at 0 °C for 4 0 minutes then brine was added

(30 mL) . The organic phase was separated and the aqueous

layer extracted with ether (2 x 30 mL) . The combined crganic

layers were washed successively with cold 1.0 M aqueous HCl
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(20 mL) , cold NaHC0 3 (s) (20 mL) . cold brine (20 mL) then dried
<MgS0«) . Evaporation of the solvent left a white foamy solid

,(952 mg;, 92 %) that was used in the next step without further
purification.

Step 3: To a solution of ethyl orthothioformate (2.7 mL; 14

mmols) in THF (30 mL) was added at - 60 °C - 55 °C n-fluLi in

hexanes (1.3 M, 9.0 mL, 12 mmols) . The solution was stirred
at - 60 °C - 55 °C for 3 0 minutes then a solution of the

aldehyde (932 mg; 2.00 mmols) in THF (10 mL) was added so that
the temperature was maintained at - 60 °C - 55 °C. The

solution was then stirred at - 40 °C for 1.5 hours then

quenched at this temperature with a saturated solution of
ammonium chloride in water (25 mL) and ether (30 mL) was
added. The organic layer was separated and the aqueous phase
was extracted with ether (2 x 30 mL) . The combined organic
layers were washed with brine and dried (Na^SO,,) . Purification
on silica gel (EtOAc 25 % to 30 % in hexanes) afforded the
desired product (975 mg, 73 %) as a mixture of isomers.

OH

BOCNH^l^^SEt BOCNH
HgO. HgCI,

M«OH. watw

NMMTr NHMTr

Step 4: To a solution of the orthothioformate (2.56 g; 3.85
mmols) in methanol (69 mL) and water (4 mL) was added HgO (732
mg) and mercuric chloride (2.69 g) . The mixture was stirred
at room temperature for 2 hours then a: 60 °C for 3 0 minutes.
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The mixture was filtered, on a celite pad and washed with
methanol (2x4 mL], and dichlorcnethane (3 x 20 mL) . Water
(80 mL) and dichloromethajie (40 mi) was added to the filtrate
and the organic layer was separated. The aqueous phase was
extracted with dichloromethane (2 x 80 mL) . The combined
organic layers were washed with a 70 % aqueous ammonium
acetate solution (200 mL) and the aqueous layer extracted with
dichloromethane (2 x 200 mL) . The combined organic layers
w re washed a saturated aqueous solution of ammonium chloride
and dried (MgS04 ) . Purification cn silica gel (EtOAc 50%,
hexanes 50%) afforded the hydroxy ester (1.33 g; 65 %) as a
mixture of isomers.

20

30

bocnh^ ^A. ^am

1) DM*- Martin

2)4.0MHCI.dtown«
EtSM*

NHMTr NHMTr

Step S: To a solution of the alcohol (812 mg; 1.54 mmols) in
dichloromethane ( 100 mL) was added Dess -Martin reagent (3.0

g, 7.0 mmols). The resulting mixture was stirred at room
temperature for 30 minutes then quenched with solution of
sodium thiosulphate (15 g) in a saturated aqueous solution of
NaHCOj (150 mL) . The mixture was stirred for about 10 minutes
and the organic layer was separated. The aqueous layer was
extracted with ethyl acetate (3 x 100 mL) and the combined
organic layers were washed with a saturated aqueous solution
of NaHC03 then dried (MgS0<) . Purification on silica gel (EtOAc
50%, hexanes 50%) afforded the ketc ester (772 g,- 95 %) pure
as a white solid. This keto ester (772 mg) was dissolved ir.

ethyl methyl sulfide (2 mL) and treated with 4.0 M HCl in
dioxane ( 20 mL) . The solution was stirred at room
temperature for 30 minutes then vriatiles were evaporated in

vacuo to yield the crude deprctected amine (854 mg) which was

used in the next step without further purification.
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Step 6: To a solution of the acid (200 rng, 0.640 mmol) in dry
DMF (7 mL) was added the amine (380 mg f 0.81S mmols) followed
by collidine (0.8 mL) and by HATU (320 mg. 0.842 mmols). The
solution was stirred ac room temperature for 23 hours, poured
into a 10% citric acid solution, extracted with ethyl ' acetate
(3 times). The combined organic layers were washed
successsively with a saturated solution of NaHCO, a 10 %
citric acid solution, brine then fried (MgS04 ) . The residue
was purified on silica gel ( EtOAC 100%) to afford the coupled
product (265 mg, 57%) .

y
LiOH. THF Mfi

Step 7: To a solution of the ester (265 mg, 0.367 rnmols) in
THF (10 mL) was added LiOH-H.O (35 mg; 0.833 ramols) ia water
(10 mL)

.
The solution was stirred at room temperature for one

hour then poured into 5 % HC1 (50 mL) and extracted with
dichloromethane {3 x 50 mL) . The combined organic layers were
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dried (MgSO<) and evaporated to afford the acid (215 mg, 83 %)

which was used in the next step without further purification.

fx °

o i
I

Sr
N>

i
TFA, thioanisole. MSA O H

&1°
O^OH H

3
N O^OH

OO
(96)

Step 11: To a solution of the protected compound (207 mg,

0.292 mmols) in TFA (10 mL) was added thioanisole (1 mL) and
methanesulfonic acid (30 ml. 0.46 mmols). The solution was
stirred overnight and TFA was evaporated. Ether was added to

10 the residue and the resulting solid was filtered and washed
several times with ether. This solid was purified by

preparative HPLC to afford, after lyophilization, compound
(98) (65 mg, 37%) as a mixture of diastereoisomers at the

cyclohehyl moiety

.

1 NMR (D30, 400 MHz) 5 7.38 (s, 5H) , 4-. 96 (d, J = 4.7 Hz, 1H) ,

4.69 (s, 2H) , 4.18 (d, J = 16.5 Hz, 0.5H),

4.14-4.06 (d, m, 0 . 5H0 , 3.97-3.91 <m, 0.5H), 3.95 (d, J = 16.5

Hz, C.5H), 3.78 (s, 2H) , 3.47-3.39 (m, 2H) , 3 .36-3.32 (m, 2H) ,

3.04-2.95 (m, 1H) , 2.00-1.90 (m, 3H) , 1.80-1.50 (m ,2H), 1.40-

20 0 .97 (m, 4H) .

EXAMPLE 8 synthesis of compound (106) 2- [ 4-8utyi-3 ,
6-

dioxo-2- (phenylmethanesulfonylamino-methyl)

-

piperazin-l-yl] -N- [ 1- ( 1-carbamixnidoyl-

piperidin-3-ylmethyl) -2-oxo-2- thiazol-2-yl-

ethyl ] -acetamide
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<^^H . NaBH3CN
CIH

3
N^C0

2
Me ».

> «MeOH

Step 1: To a solution of the amine (2.04 g, 16.24 mmol) in

anh. MeOH (81 mL) , at 0°C, under N2 , was added butyraldehyde

(732 ^iL # 0.5 eq) and NaBH
3CN (561 mg, 0.55 eq) . The solution

was stirred at 0°C for. 30 min # then at r.t. for 18 hr. The
MeOH was evaporated and the residue was poured in sat.aq.

NaHC0
3 /CH2Cl 2 . The phases were separated and the aqueous

layer was extracted with CH2C1 2 (2x) . The combined organic
extracts were dried over MgSO<, the solid were filtered and
the solvent evaporated. The crude oil obtained was purified
by flash chromatography (silica gel, 4:6 Hex/EtOAc) to give
the secondary amine as a clear oil (0.51 g, 3.53 mmol) in 4 3

% yield.

Step 2: To a solution of the amine (512 mg, 3.53 mmol) in

anh. DMF (3 5 mL) , at r.t,, under N2 , was added the were added

the acid (2.20 g, 1.2 eq) , the NMM (776 nL, 2 eq) and HATU

(1.61 g, 1.2 eq) . The. yellow solution was stirred at r.t.

for 18 hr. The solvent was evaporated and the residue poured
in EtOAc/H20. The phases were separated and the aqueous

layer was extracted with EtOAc (2x) . The combined organic

extracts were washed with 10% citric acid (Ix) , sat.aq.

NaHC0 3 (Ix), sat.aq. NaCl (Ix) and dried over MgSO< . The

solids were filtered and the solvent evaporated. The crude

oil obtained was purified by flash chromatography (silica

gel, 6:4 Hex/EtOAc) to give the amide as a clear oil (1.21 g f

2.61 mmol, 74%)

.
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NHBoc

NHZ

2) NaHCOj. H20

1)4N HCI/dbxane

V
o

NHZ

Step 3: 1) The ester -qicarbamate (1.21 g, 2.61 mmol) was

dissolved in 4N HCl/dioxane. The solution was stirred at r.t.

for 3 hr. The solvent was evaporated and the residue was

dried in vaccuo. 2) The amine salt was dissolved in H20 (26

mL) and NaHC0
3 (1.1 g r 5 eq) was added. A white solid

precipitated immediatly. The suspension was heated at 60 °C

for 18 hr. It was brought down to r.t. and extracted with

CH2CL2 (3x> . The combined organic extracts were dried over

MgS0 4 , the solids were filtered and the solvent evaporated to

give a crude oil which was purified by flash chromatography

(silica gel, 3% MeOH/EtOAc) . The final dioxopiperazine was

obtained in 68% yield as a white solid (0.59 g, 1.78 mmol) .

Step 4: To a suspension of NaH 60%/oil (64 mg. 1.1 eq) , in

dry THF (10.6 mL) , at 0°C, under N2 , was added a solution of

the dioxopiperazine (486 mg, 1.46 mmol, in 2 mL of anh. THF)

.

The flask was rinced with another 2 mL of anh. THF. The

suspension was stirred at 0°C for 3 0 min, and then at r.t. for

30 min. BrCH2C02tBu (3 0 nL, 1.1 eq) was then added and the

solution/suspension was stirred at r.t. for 2 hr. Water (2

mL) was then carefully added in order to destroy the excess

NaH. The THF was evaporated and the aqueous residue was

poured in CH2C12/H20. The phases were separated and the

aqueous layer was exctracted with CH2C12 (2x) . The combined

OtBu
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organic extracts were dried over MgS04, the solid filtered and
the solvent evaporated. The crude oil obtained was purified
by flash qhromatography (silica gel, 4:6 Hex/EtOAc) to give
the ester as a white solid {463 mg, 1.04 mmol) in 71% yield.

Hj. Pd/C 10%

MeOH
6
O^OtBu 0

0^OlBu

Step 5: To a solution of the carbamate (463 mg, l . 04 mmol) in
anh. MeOH (10 mL) , at r.t., under N2 , was added Pd/c 10% (lis
mg, 25% wt) . The black suspension was placed under an H2

atmosphere and stirred at t.p. for 60 min. The catalyst was
filtered through Celite and the Celite cake was rinced with
MeOH. The solvent was evaporated and the residue was dried
under vacuum tc give the amine as a clear oil (333 mg , 0 .g 6
mmol, 93%)

.

BnS02CI, NMM

DMF

O^OtBu

Step 6: To a solution of the amine (333 mg, 0.96 mmol) in
anh. CH2C1 2 (9.6 mL) , at t.p., under N2 , were added NMM (159
uL, 1.5 eq) and 3nS02Cl (193 mg, 1.05 eq) . The solution was
stirred at r.t. for 2 hr. It was then poured in 10% citric
acid/CH 2Cl 2 . The phases were separated and the aqueous layer
was extracted wizh CH 2C1 2 (2x) . The combined organic extracts
were dried over MgSO«, the solids were filtered and the solvent
evaporated to give a crude oil that was purified by flash
chromatography (silica gel, 4:6 Hex/EtCAc) . The

benzylsulfonamide was obtained as a clear oil in 88% yield
(396 mg, 0.85 mmol)

.
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CF3C0jH. C^CU

OlBu

Step 7: To a solution of the ester (3 96 mg, 0.85 ntmol) in

anh. CH2C12 (4.25 mL) , at 0°C, under N2 f was added

trifluoroacetic acid (4*25 mL) . The solution was stirred at

0°C for 15 min, and then at r.t. for 2 hr. The solvents were

evaporated and the residue dried under vacuum. The acid was

obtainded in 100% yield as a yellow solid (349 mg, 0.85 mmol)

Step 8: To a solution of the acid (270 mg, 0.66 mmol) in

anh. DMF (6.5 raL) , at r.t., under N2, were added successively

the arginine-mimic-HCl (382 mg, 1.1 eq) , 2, 4 , 6-collidine (347 ,

|iL, 4 eq) and HATD (299 mg, 1.2 eqi . The solution was

stirred at r.t. for 15 hr and was then poured in EtOAc/H20.

The phases were separated and the aqueous layer was extracted

with EtOAc (2x) . The combined organic extracts were washed

20 with 10% citric acid (lx) , sat.aq. NaHC03 (lx) , sat.aq. NaCl

(lx) and dried over MgS04 . The solids were filtered and the

solvent evaporated to give a crude oil that was purified by

flash chromatography (silica gel, 3% MeOH/EtOAc) . The

product was obtained as a yellow solid (34 9 mg, 0.3 9 mmol) in

10
o

HN' NH-MTR
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60% yield.

10

20

HN NH-MTR

Step 9: To a solution of the protected guanidine (34 9 mg,

0.39 mmol) in trifluoroacetic acid (10 mL) , at r.t., under N
2 ,

was added thioanisole (l mL, 10% vol of TFA) . The solution was
stirred at r.t. for 3 hr. The TFA was evaporated and Et20 (20
mL) was added to precipitate the guanidine salt. The solid
was scraped off the wall of the flask and the suspension was
stirred vigorously for 10 min. ' The solids were then filtered
and dried under vacuum. The crude compound was purified by
HPLC (20% CH3CN/H20, 20 min ; 20% CH 3CN/H20 -> 50% CH3CN/H20, 180
rain ;. 5 mL/min) to obtain 108 mg of the pure compound as a
white solid (108 mg, 0.14 mmoi, 35%). X

H NMR (DMS0-d6, 400
MHz) : 5 -

EXAMPLE 9 Biological Assays

Thrombin Affinity

The affinity of inhibitors for thrombin was measured according
to the procedures described in (DiMaio et al, J. Bio. chem.,

1990, 265:21698) Inhibition of amidolytic activity of human
thrombin was measured fluorometrically using Tos-Gly-Pro-Arg-
AMC as a fluorogenic substrate in 50 mM Tris-HCl buffer (pH

7.52 at 37°C) containing 0.1 M NaCl and 0.1% poly (ethylene
glycol) 8000 at room temperature (Szewczuk et al..

Biochemistry, 1992 31.-9132).

JO The hydrolysis of the substrate by thrombin was monitored on a
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Varian-Cary 2000™ spectrophotometer in the fluorescence mode

(XeX = 3 83 nm, Xem = 455 nm) or on a Hitachi F2000™

fluorescence spectrophotometer acX = 383 nm, = 455 nm) , and

the fluorescent intensity was calibrated using AMC. The
reaction reached a steady-state within 3 minutes after mixing
thrombin with the substrate and an inhibitor. The steady-state
velocity was then measured for a few minutes. The compounds of
this invention were also pre-incubated with thrombin for 20

minutes at room temperature before adding the substrate. The

steady- state was achieved within 3 min and measured for a few
min. The kinetic data (the steady- state velocity at various
concentrations of the substrate and the inhibitors) of the

competitive inhibition was analyzed using the methods described
by Segei (1975) . A non- linear regression program, RNLIN in the

IMSL library (IMSL, 1987), LMDER in MINPACK library {More et

al. r 1980) or Microsoft7*1 Excell™ , was used to estimate the

kinetic parameters (K^ and Kx ) .

Arterial Thrombosis Model

The FeCl
3 induced injury to the carotid artery in rats was

induced according to the method described by Kurz, K.D., Main f

R.W., Sandusky, G.E., Thrombosis Research 60; 269-280, 1990

and Schumacher, W.A. et al. J. Pharmacology and Experimental

Therapeutics 267; 1237 1242, 1993.

Male, Sprague-Dawley rats ( 375-410 g) were anesthetized with

urethane ( 1500 mg\kg ip) . Animals were laid on a 37°C heating

pad. The carotid artery was exposed through a midline
cervical incision. Careful blunt dissection was used to

isolate the vessel from the carotid sheath. Using forceps,

the artery was lifted to provide sufficient clearance to

insert two small pieces of polyethylene tubing (PE-205*)

underneath it. A temperature probe (Physitemp* MT23/3) was

placed between one of the pieces of tubing and the artery.

Injury was induced by topical application on the carotid

artery above the temperature probe of a small disc (3 mm dia.)

of Whatman" No.l filter paper previously dipped in a 35%
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solution of FeCl 3 . The incision area was covered with
aluminum foil in order to protect the FeCl

3 from degradation by
light. Thfc vessel temperature was monitored for 60 minutes
after application of FeCl 3 as an indication of blood flow.

Vessel temperature changes were recorded on a thermister
(Cole- Palmer* Model 08533-41).

The time between the PeCl
3 application and the time at which

the vessel temperature decreased abruptly (>2.4°C) was recorded
and the mean occlusion time (MOT) of the vessel calculated.
Inhibitor compounds were given as an i.v. bolus (0.75 mg/kg)
followed immediately by an i.v. infusion (50 ug/kg/min. via
femoral vein)

.

20

30

aPTT and TT

Blood (IraL) was collected in to sodium citrate (i:9 ; 3. 8 %) as
an anticoagulant prior to treatment, 30 and 90 min. after the
start of the infusion. All anticoagulated blood samples were
centrifuged (12,000 x g for 3 min.) to obtain plasma for same
day analysis. Activated partial thromboplastin time (aPTT)
and thrombin time (TT) were measured at 37°C using a
coagulometer (ST4 from Diagnostica Stago, Asnieres, France;
American Bioproducts Company, Parsipanny, NJ) . For aPTT
measurements, citrated plasma (50uL) was incubated with
reagent 1 (PTTAutomate; 00480, ST4 BIO; Diagnostica Stago] at
37°c for 180 sec. Clotting was initiated by adding 25mM CaCl 2

(50uL)
.

For TT measurements, citrated plasma (200uL) was
incubated at 3 7°C for. 2 min. and the clotting time was
initiated by adding Thrombin Prest (titrated calcium thrombin;
200uL; Diagnostica Stago) . The time taken for the plasma to
clot was then determined.
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Table 1 >

Compound Ki

(nM)

MOT1

imin)

aPTT
2

(sec)

TT3

(sec)

(1) 35 24.2 + 3.2 32. 9 ± 2.54 175.5 + 10.5

(2) 12 31.2 ± 5 31.7 ± 1.5 288 ± 30.8

(3) 10 23.83 ± 3.8 44 ± 0.92 298 ± 8.3

(6) 1220

(6a) 580

(6b) 7420

a fast moving isomer on HPLC

b slow moving isomer on HPLC

1 baseline = 17.22 ± 0.6 minutes

2 baseline a?TT = 18.1 ±4 sec

3 baseline TT = 46.7 ± i.i sec
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Compound
[
Ki (IC50 ]

(nM)

Compound
|

Ki [ICS0 ]

(nM)

(17) 240
(33) 140

(18) 1000 (34)
|

325

(20) (130] (35) 180

(21) ! 65 (36)
I

[750]

(22) \ 190 (3 7) 105

(23) 165 (38) 18

(24) 200 (39) [1420]

(25) 98 (40) 195

(26) [400] (41) ;j [830]

(27)
j

74 (42,
|

825

(28) 55 (43; 1 55

(29)
|

40 (44i
! 130

(30)
|

30 (451 i [587]

(31) 75 (46i
j (250]

(32)
j

43 (47;
;

[262]
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Compound Ki IICS0 ]

(nM)

jCompound, Ki [ICso]

(nM)

(48) [990] (62)
|

[810]

(49)
j

[1230] (63) [7200]

(50)
|

[6810] (64) [760]

(51) [3980] (65) [210]

(52) [1300] (66) [690]

(53) [780] (67) [650]

(54) [80] (68) [5860]

(55) [110] (69) [170]

(56) [210] (70) _- (350]

(57) j
[110] (71) [368]

(58) [1410] (72) [238]

(59) [490] (73) 1-2

(60) [830] (74) |
[1640]

(61) [1360] (75) [8690]
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Compound
\
Ki [IC50]

I

(nM)

Compound
|

Ki
,
[IC50 ]

(nM)

(76) (88.7] (93) [229]

(77) [984] (94) [1610]

(78)
|

(457] (94a) [610]

(79) [283] (94b) [5130]
'

(80) [12G0] (95) [113]

(81) 495 (100)
|

25000

(82) [3420] (101) 50000

(83) I 80 (102)
|

3000

(84) 55 (103) 1 2600

(85)
j

[880] (104) 2500

(86) 140

a fast moving isomer on HPLC
b slow moving isomer on HPLC
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WE CLAIM:

1. A compound of formula (I) :

rV
0 R, FV

(I)

wherein

:

W and X are independently selected from CH-R
4 , C-R4 ,

N-R4 ,

N, O, S, SO and S02 ,
provided that at least one of W and

X is selected from N-R4 , N, 0, S, SO and S02 ;

Y is selected from CH-R4 , C-R4 and C=0;

Q is selected from carbonyl, C=S and CH-R4 ;

Rx is a polar amino acid residue or derivative or analogue

thereof optionally substituted with an amino acid, a

peptide or a heterocycle;

R2 and R2
' are independently selected from H, halogen, CL .

16 alkyl optionally substituted with C6 . 16 aryl,

heterocycle or a C3 . 7 cycloalkyi group; and

R3
and R4 are independently selected from H; NR$R 6 ;

carboxyl; C6 . 16 aryl or C,. 7 cycloalkyi optionally

substituted with C 1 . 6 alkyl; Cj.^ alkyl optionally

interrupted by one or more heteroatom or carbonyl group

and optionally substituted with OH, SH, NR
5R6 or a C6 . 16

aryl, heterocycle or C
3 . 7 cycloalkyi group optionally

substituted with halogen, hydroxyl, carboxyl,

alkyl; an amino acid side chain; and a hydrophobic

group; or

when Y is CH-R 4 or C-R 4 chen R, and R4 together with Y

form a 5 or 6 member saturated or unsaturated

carbocyclic ring;

R5 and R 6 are independently selected from H and C a . 4 alkyl.
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A compound according tp claim i, wherein Rx is one of
formula I la to I id:

lla

G

G
wherein

:

R7 is hydrogen or Cz . 6 alkyl; —
K is a bond or -NR7

-
;

G is Cx . 4 alkoxy; cyano; ~NHR
8 ; -CH2 -NHR8 ; -C(NH)-NHR

8 ;

-NH-C(NH) -NHR8 ,- -CH2-NH-C (NH) -NHR8 ; a Cs _ 12 cycloalkyl or
aryl substituted with cyano, -NHR

8 , -CH2
-NHR8 , -C(NH)-

NHR8 , -NH-C(KH) -NHR8 , -CH2 -NH-C (NH) -NHR8 , halogen
Cx ., alkyl, aryl or heterocycle; or a 5 or 6 member,
saturated or unsaturated heterocycle or heterobicycle
optionally substituted with cyano, -NHR

8 , -CH2-NHR -

C (NH) -NHR8 , -NH-C(NK:-NH
2 -CH

2 -NH-C (NH) -NHR8 ,

halogen c x . 4 alkyl, aryl or heterocycle; provided that G
is other than unsubstituted indole and when G is C
cycloalkyl or aryl then G is substituted with at least
one group selected from -NHR8 , -CH2 -NHR8 , -C(NH) -.NHR8 ,

-NH-C (NH) -NHR
3 or -CK2 -NH-C (NH) -NHR8 ;

U is cyano, -NHR
£ , -C(NH)-NHR

8 or -NH-C(NH) -NHR
8 ;

R8 is H, OH or NH2 ;

P is a bond, -c(0)-. -C(S). or a bivalent group:

OH

I I s s
CH

J
, or —V"^

J is Cl . s alkylene optionally substituted with OH, NH2 and
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Cx „t alkyl and optionally interrupted by a heteroatom
selected from 0, S and N;

n is 0 or 1; and j

T is H,- OH, 0-R
4 , carboxyl, amino, a peptide chain, c, . 16

alkyl, C
r . 1€ alkoxy, C6 . 20 aralkyl, or heterocycle

optionally substituted;

provided that R
x is other than -NHNH2 .

3. A compound according to claim 2, wherein is selected
from:

RT r
I x I

7

(CH2)n 2 (CH2)n 2

wherein

:

R7 is hydrogen or Cj. € alkyl;

RB is H, OH or NH2

P is a bond, -C(O)-, -C(S)- cr a bivalent group;

OH

•-ch'
oh

^c»r ^
i—

i

CH, r or

J is C
x .6 alkylene optionally substituted with OH, NH2 and

alkyl and optionally interrupted by a heteroatom
selected from O, S and N;

n is 0 or 1 ; and

T is H, OH, 0-R«, carboxyl, amino, a peptide chain, C x . 1€

alkyl, C L . l€ alkoxy, C6 . 20 aralkyl, zr heterocycle

optionally substituted.
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4. A compound according to claim 3, wherein P is C(0). n is
0 and T is a heterocycle selected from the group

j consisting of:

1^ jl" ^
wherein

Xs ,
X10 ,

Xtl and X l2 are each independently selected from
the group consisting of N, or C-X7 where X7 is hydrogen,

Ci-4 alkyl, or Cs . 8 aryl;

Xs and XM are each independently selected from the group
consisting of C. 0, N, S, N-X7 , or CH-X7 ; and
R' is hydrogen, Clml6 alkyl optionally carboxyl

substituted, carboxyl, -CC . X6 alkyl -CO^C,.^ alkyl , c6 .20
aralkyl, C3 . 7 cycloalkyl, aryl or an aromatic heterocycle.
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5, A compound according to claim 4, wherein T is selected
from the group consisting of:

* •

/

o < >
/

N— Nf

R' // //

/
< R*

wherein R' is hydrogen, C^^ alkyl optionally carboxyl

substituted, carboxyl, -C0 _ 16 alkyl;-CCVC^^ alkyl, C6 . 20

aralkyi, C3 . 7 cycioalkyl, aryl cr an aromatic heterocycle,

io 6. A compound according to claim 5, wherein T is selected

from:

5—
wherein R' is hydrogen, C r . 14 alkyl optionally carboxyl

substituted, carboxyl, -C0 . 16 alkyl-CO^C^u alkyl, C6 . 20

aralkyi, C
3 . 7 cycloalkyl, aryl or an aromatic heterocycle.
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A compound according to claim 1, wherein one of W and X
is N-R

4 ; and

R4 is a hydrophobic group selected from c
x . 20 alkyl, >C

3

alkenyl or C2 .20 alkynyl optionally interrupted by a
carbonyl group, Cs . 16 aryl, c

3 . 7 cycloalkyl, Ct . 20 aralkyl,
C6-ao cycloalkyl substituted c,.„ alkyl , wherein the
aliphatic portion is optionally interrupted by a carbonyl
group and the ring portion is optionally substituted with
ci-6 alkyl; and a hydrophobic amino acid side chain.

A compound according to claim 7, wherein one of W and X
is CH2 .

9. A compound according to claim 8, wherein W is CH2<- X is N-
R< and Y is C=0 or CH,.

10. A compound according to claim l, wherein R2 and R 2
« are

both H.

11. A compound according to claim l, wherein Q is C=0.

12. A compound according to claim l, wherein Y is CH-R< or C-
R 4 and R 3 and R 4 together with Y form a 5 or 6 member
saturated or unsaturated carbocyclic ring.

13. A compound according to claix 12, wherein said
carbocyclic ring is a phenyl ring.

14. A compound according to claim 1, selected from:

(1) N- [4-guanidino-l- (thiazole-2 -carbonyl } -butyl j -2- [2-
oxo-4- (3 -phenyl -prop ionyl) -piperazm-l-yl] -

acetamide

;

(2) N- [1- (benzothiazole-2 carconyl) -4 -guanidino-butyl ]
-2-

[2-OXO-4- (3 -phenyl -propionyl) -piperazin-i-yl] -

acetamide

;

(3) 2- [2-Benzyl-3,6-dioxo-4- (2 -phenyl -propyl) -piperazin-
i-yl] -N- [4-guanidino-l- ( thiazcie -2 -carbonyl ) -butyl]
acetamide; (4) N- [4-guanidino-l- {thiazole-2-
carbonyl) -butyl] -2- (2-oxo-4-phenyimethanesulfonyl-
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piperazin-l-yl ) acetaraicie

;

(5) N- {l-carbamimidoyl-piperidin-3 -ylmethyl) -2-oxo-2-

) thiazol-2-yl-ethyl] -2-{4- { (3, 4 -dichloro-phenyl)

-

propionyl] -2-oxo-piperazin-l-yl } -acetamide ;

(6) N- [1- (l-carbamimidoyi-piperidin-3-ylmethyl) -2-oxo-2-

thiazol-2-yl-ethyl] -2- (2-oxo-4 -phenylmethane

-

sul£onyl-piperazin-l-yl } -acetamide ;

(7) N- [1- (4-araino-cyclohexyl) -2-oxo-2- thiazol-2-yl-

ethyl] -2- (2-oxo-4-phenylmethane-sulfonyl -piperazin-

l-yl } -acetamide;

(8) N- [1- (
3 -carbamimidoyl -benzyl) -2-oxo-thiazol-2-yl-

ethyl] -2- <2-oxo-4-phenylmethanesulfonyl-piperazin-1-

yl} -acetamide;

(9) N- [1- (l-carbamimidoyl-piperidin-3 -ylmethyl) -2-oxo-2-

thiazol-2-yl-ethyl] - 2- [2-isopropyl-6-oxo-4- (3 -

phenyl -propyl) -piperazin-l-yl } -acetamide;

( 10 ) 2 - ( 2 - benzyl - 6 -oxo-4 -phenylmethanesulfony1 -piperazin

1-yl)-N- [1- (l-carbamimidoyl-piperidin-3 -ylmethyl) -2

oxo-2 - 1hiazol - 2 -ylethyl ] acetamide ;

(11) N- [1- (1 -carbamimidoyl -piperidin- 3 -ylmethyl) -2-oxo-2

thiazol-2-yl-echyl] -2- [2-isopropyl-6-oxo-4-

phenylntethanesulfonyl -piperazin - 1 -yl } - acetaraide

;

(12) N- [1- (4-aminocyclohexyl) -2-thiazol-2-ylethyl] -2- (2-

isopropyl- 6 -oxo-4 -phenylmethanesulfonyl -piperazin-

i

yl} -acetamide;

(13) N- (1- (4-aminocyclohexyl) -2-oxo-2- thiazol-2-ylethyl]

2- (2 -benzyl -6 -oxo-4 -phenylmethanesulfonyl -piperazin

1-yl ) -acetamide;

(14) N- [1- (4-aminocyclohexyi) -2-oxo-2-thiazol-2-yiethyl]

2- {2 -benzyl -4- [3- (3 ,
4 -dichloro-phenyl ) -propyl] -3,6-

dioxo-piperazin- 1 -yl } - acetamide

;

(15) 2-{2-benzyl-4 - [3 ,
4 -dichloro-phenyl) -propyl] -3,6-

dioxo-piperazin-1 -yl } -N- [1- ( 1- carbamimidoyl

-

piperidin-3 -ylmethyl) -2-oxo-2- thiazol-2-ylethyl) -

acetamide

;

(16) 2- (4-benzenesulfonyl-2-oxo-piperazin-i-yl) -N- [4-

guanidino-1- (thiazole-2-carbonylS -butyl] -acetamide;

(20) 2- (2 -Benzyl- 3, 6-dioxo-4- (3-phenyI-propyl) -piperazin

1-yl j -N- [4-guanidino-l- ( thiazole-2-carbonyl ) -butyl]
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acetamide;

(21) N-fl- U-Carbamimidoyl-piperidin-3-ylmethyl) -2-oxo-2-
thia2ol-2-yl-ethyJ]-2-[2-mechyl-3,6-dioxo-4-(3-

phenyl -propyl ) -piperazin-l-ylj -acetamide;

(22) N- [2- < l-Carbamimidoyl-piperidin-3-yl ) -1- ( thiazole-2-
carbonyl)-ethyl]-2-[2-isopropyl-3,6-dioxo-4-(3-

phenyl-propyl) -piperazm-l-yl
) -acetamide;

{23) N-f2-(l-Carbamimidoyl-piperidin-3-yl)-i- (thiazole_2 _
carbonyl) -ethyl] -2-[2-isobutyl-3, 6-dioxo-4- (3-

phenyl-propyl ) -piperazin-l-yl ] -acetamide;

(24) 2-[2-sec-B Utyl-3,6-dioxo-4-(3-phenyl-Propyl)-
piperazin-l-yl ] -N- [ 1- ( l-carbamimidcyl-P iPeridin-3-
ylmethyl)-2-oxo-2-thiazol-2-yi-ethyl] -acetamide;

(25) 2-[2-Butyl-3,6-dioxo-4-(3-phenyl-propyl)-piperazin-
1-yl] -N- [2- (l-carbamimicoyl-piperidin-3-yl) -i-
(thiazole-2-carbonyl) -ethyl] -acetamide;

(26) 2-(2-Benzyl-4-[3-(3,4-di chloro-phenyl)-Propyl]-3 r 6-
dioxo-piperazin-l-yl ) -N- [ 2- ( 1-carbamimidoyl-

piperidir.-3-yl)-l-(thiazole-2-carbonyl) -ethyl]

-

acetamide;

(27) N-[2-(l-Carbamimidoyl-piperidin-3-yl)-i-(thiazole-2-

carbonyl) -ethyl] -2- [3, 6-dioxp-4- (3-phenyl-Propyl ) -2-

pyridin-3-ylmethyl-piperazin-I-yl] -acetamide

;

(28) 2- [2-Benzy;-3,6-dioxo-4-(3-pheriyl-propyl) -piperazin-
l-yl] -N-[2- (l-carbamimidoyl-piperidin-3-yl) -1-

(thiazole-2-carbonyl) -ethyl j -acetamide;

(29) N-[l-(l-Carbamimidoyl-piperidin-3-ylmethyl)-2-oxo-2-

thiazol-2-yl-ethyl]-2-(3-(4-chloro-benzyl)-2,5-

dioxo-1- { 3-phenyl-propyl : -piperidin-4-yl ] -acetamide;
(30) N-[2-(l-Carbamimidoyi-piperidin-3-yl)-i-

( thiazole-2-
carbonyl) -ethyl]-2-[2-naphthalen-2-ylmethyl-3, 6-

dioxo-4-(3-phenyl-propyi) -piperazin-l-yl] -acetamide;
(31) N-{2-(l-Carbamimidoyl-pi peridin-3-yl)-i-(thiazoie-2-

carbonyl) -ethyl] -2- [2-cy= • ohexylmethyl-3, 6-dioxo-4-
(3-phenyl-propyl) -piperazin-l-yl] -acetamide;

(32) N-[l- (l-Carbamimidoyl-piperidin-3-ylmethyl) -2-oxo-2-
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thiazol-2-yl -ethyl] -2- [2- (4-methoxy-benzyl) -3, 6-

dioxo-4- (3-phenyl-propyl ) -piperazin-l-yl] -acetamide;

(33) N-{2- (l-Carbamxiiiidoyl-piperidin-3-yl) -1- ( thiazole-2

-

carbonyl) -ethyl] -2- ( 4-methyl-2-naphthalen-2-

ylmethyl-3 , 6-dioxo-piperazin-l-yl ) -acetamide;

(34 )
N-(2-Benzothiazol-2-yl-l- (3-carbamimidoyl -benzyl) -2-

oxo-ethyl] -2- [2-benzyl-3 , 6-dioxo-4- {3-phenyl-

propyl) -piperazin-l-yl] -acetamide;

(35) 2-1 2- [2-Benzyl-3, 6-dioxo-4- (3-phenyl-propyl)

-

piperazin-l-yl] -acetylamino} -3- ( 1-carbamimidoyl-

piperidin-3-yl) -N-raethoxy-N-methyl-propionamide;

(36) 2- [2-Benzhydryl-3, 6-dioxc-4- (3-phenyl-propyl)

-

piperazin-l-yl] -N- [2- ( 1-carbamimidoyl -piperidin-3-

yl) -1- < thiazole-2-carbonyl) -ethyl] -acetamide;

(37) N-[2- (l-Carbamimidoyl-piperidin-3-yl) -1- < thiazole-2-

carbonyl) -ethyl ] -2- [ 3 , 6-dioxo-2-phenethyl-4- (
3-

phenyl-propyl) -piperazin-i-yl ] -acetamide;

(38) 2-[2-Benzyl-3 r 6-dioxo-4^- < 5 -phenyl-propyl ) -piperazin-

l-yl] -N- (2- ( l-carbamiraidoyi-piperidin-3-yl ) -1-

( thiazole-2 -carbonyl ) -ethyl ] -acetamide

;

(39) N- ( 1-Formyl -4 -guanidino-butyl ) -2- (2- (4-methoxy-

benzyl) -3, 6-dioxo-4- {3-phenyl-propyl} -piperazin-l-

yl] -acetamide;

(40) N- [2- ( 1-Carbamimidoy 1 -piperidin-3-yl) -1- (thiazole-2

carbonyl) -ethyl ] -2- ( 2- (
4 -chloro-benzyl) -4 -methy1-

3, 6-dioxo-piperazin-l-yl ] -acetamide;

{41} N- [2-Benzothiazoi-2-yl-l- { 1-carbamimidoyl-piperidin

3-ylmethyl) -2-oxo-ethyl] -2- (
4 -methyl -2-naphthalen-2

ylmethyl-3 , 6-dioxo-piperazin-l-yl) - acetamide;

(42) 2- [ 2-Benzyl-3 f 6-dioxo-4- ; 3-phenyl-propyl) -piperazin

1-yl] -N- [1- { l-carbamimiaoyl-piperidin-3-ylmethyl) -2

oxo-2-piperidin-l-yl-ethy 1
] -acetamide;

(43) 2- (2- [2-Benzyl-3, 6-dioxc-4- (3-phenyl-propyl) -

piperazin-l-yl] -acetylamino 1-3- ( 1-carbamimidoyl-

piperidin- 3 -y 1
) -N-methyl -propionamide

;

(44 )
2-{ 2- [2-Benzyi-3, 6-dioxo-4- (3-phenyl-propyl) -
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piperazin-l-yl] -acetylamino) -3- (l-carbamimidoyl-

pipeririin^-yl) -N-cyciopentyl -propionamide

;

(451 N- [2- (l»-Carbamimidoyl-piperidin-3-yl) -1- (hydroxy-

thiazol-2-yl-methyl) -ethyl] -2- [2-naphthalen-2-

ylmethyl-3, 6-dioxo-4- (3-phenyl-propyl) -piperazin-1-
yl] -acetamide;

(4 6) 2-{2-Benzyl-4-[3-{3, 4-dichloro-phenyl) -propyl] -3, 6-

dioxo-piperazin-l-yl } -N- [2- ( 1-carbamimidoyl-

piperidin-3-yl) -1- ( thiazole-2-carbonyl ) -ethyl]

-

acetamide;

(47) 2- ( 2-Benzyl-4 -butyl-3 , 6-dioxo-piperazin-l-yl) -n- [2-

(l-carbamimidoyl-piperidin-3-yl) -1- (thiazole-2-

carbonyl) -ethyl ] -acetamide;

(48) 2- (2-Benzyl-3, 6-dioxo-4 -phenethyl-piperazin-l-yl ) -N-

[2- (l-carbamimidoyl-piperidin-3-yl ) -1- < thiazole-2-

carbonyl) -ethyl] -acetamide;

(4 9) N- [2- f l-Carbamimidoyl-piperidin-3-yl) -1- (thiazole-2-
carbonyi) -ethyl] -2- (2, 4 -dibenzyl-3 , 6-dioxo-

piperazin-l-yl) -acetamide;

(50) N-[2- (l-Carbamimidoyl-piperidin-3-yl) -1- (thiazole-2-

carbonyl) -ethyl] -2- (2, 4-dibenzyl-3 , 6-dioxo-

piperazin-l-yl ) -acetamide ; -

(51) 2- [2-Benzyl-2, 6-dioxo-4- (
3 -phenyl -propyl ) -piperazin-

1-yl ] -M- [2- { I-carbamimidoyl-piperidin-3-yl) -1-

hydroxymethyl-ethyl ] - acetamide

;

(52) N- [1- (l-Carbamimidoyl-piperidin-4-yl) -2-oxo-2-

thiazol-2-yl-ethyl] -2-<4-methyl-2-naphthalen-2-

ylmethyl-3, 6-dioxo-piperazin-l-yl) -acetamide;

(53) N- [2- ( l-Carbamimidoyl-piperidin-3-yi ) -1- { thiazole-2-
carbonyl) -ethyl] -2- (4-methyl-2-naphthalen-l-

ylmethyl-3, 6-dioxo-piperazin-l-yl) -acetamide;

(54) N- [2- (i-Carbamimidoyl-piperidin-3-yl) -1- ( thiazole-2-

carbonyl) -ethyl] -2- [2- (3, 4-dichloro-benzyl ) -3, 6-

dioxo-4 - ( 3-phenyl-propyl ) -piperazin-1 -yl ] -acetamide

;

(55) 2-{2-Benzyl-4- [3- <
4 -methoxy-phenyl ) -propyl] -3,6-

dicxo-ciperazin-l-yl } -M- [2- ( 1-carbamimidoyl-
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piperidin-3-yl) -1- (thiazoie-2-carbonyl) -ethyl]

-

ace tamide;

(56) 2- [2-Benzyl-3, 6-dioxo-4- ( 3-p-tolyf-propyl )

-

piperazin- i-yl] -N- [2- ( 1 -carbamiraidoyl-piperidin-3-

yl) -1- (thiazole-2-carbonyi) -ethyl] -acetamide;

(57) 2-{2-Benzyl-4-(3- (4-chloro-phenyl) -propyl ] -3 ,
6-

dioxo-piperazin-l-yl ] -N- [2- (1-carbamimidoyl-

piperidin-3-yl) -1- (thiazole-2-carbonyl) -ethyl]

-

acetarnide;

10 (58) 2-[2-Benzyl-3, 6-dioxo-4- ( 3-phenyl-propyl ) -piperazin

1-yl] -N- [1- <l-carbamimidoyi-piperidin-4-yl) -2-oxo-2

thiazol-2-yl-ethyl] -acetarnide;

(59) N- [ l-Benzoyl-2- (l-carbamimidoyi-piperidin-3-yl )

-

ethyl ] -2- (2 -benzyl -4 -butyl- 3, 6-dioxo-piperazm-l-

yl) -acetarnide;

(60) 2- [2-Benzyl-3, 6-dioxo-4- { 3-phenyl-propyl) -piperazin

1-yl] -N- [1- (l-carbamimidoyl-piperidin-3-ylmethyl ) -2

oxo-2-phenyl-ethyl ] -acetarnide;

(61) 2- [2 -Benzyl -3 , 6-dioxo-4- (3-phenyl-propyl) -piperazin

20 1-yl] -N- [ 1- ( l-carbaixiimidoyl-piperidin-3-ylmethyl ) -2

oxo-propyl] -acetarnide;

(62) 2- <2-Benzyl-4-butyl-3, 6-dioxo-piperazin-l-yl) -N- [1-

( l-carbamimidoyl-pipendin-3-ylmethyl ) -2-oxo-

propy 1
] -acetarnide

;

(63) 2- (2-Benzyl-4-butyl-3, 6-dioxo-piperazin-l-yl) -N- [1-

{ 1-carbamimidoyl-pipericin- 3-ylmethyl ) -2 -oxo-

propyl] -acetarnide

;

(64) 2- [2-Benzyl-3, 6-dioxo-4- (
2 -phenyl-propyl ) -piperazin

1-yl] -N- [ 1- ( l-carbamimicoyi-piperidin-3-ylniethyi )
-2

30 oxo-propyl ] -acetarnide;

(65) 2- { 2-Benzyi-4- [3- (4-nitro-phenyl) -propyl] -3, 6-cioxo

piperazin-l-yl ) -N- [2- ( l-carbamimidoyl-piperidin-3-

yl) -i- ( thiazole-2-carbonyi i -ethyl] -acetami de;

(66) 2- [2-Benzyl-3 , 6-dioxo-4- 3-phenyl-propyl ) -piperazin

1-yl] -N-[ 1- { l-carbamimiaoyl-piperidin-3-ylmethyl) -2

oxo-propyl ] -acetarnide

;
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(67) 2- (2-Benzyl-4-butyl-2, 6-dioxo-piperazin-i-yi

)

-n- [
1-

(l-carbamiraidoyl-piperiain-3-ylniethyl) -2-oxo-
propyl] -acetamide;

(68) N-[2-(l-Carbamiir.idoyl-piperidin-3-yl) -1- (thiazole-2-

carbonyl) -ethyl] -2- [2- (4-methoxy-benzyl) -4-methyl-
3, 6-dioxo-piperazin-I-yl ) -acetamide;

(69) 2- (4-Benzyl-2-naphthaleri-2-ylmethyl-3, 6-dioxo-

piperazi.n-l-yl) -N-[2-
i l-carbamimidoyl-piperidin-3-

yl)-l-(thiazole-2-carbsnyl) -ethyl] -acetamide;

(70) 2-[2-Benzhydryl-3, 6-di3xo-4- (3-phenyl-propyD-

piperazin-l-yl] -N-(2- ; l-carbamimidoyl-piperidin-3-

yl) -l-(thiazole-2-carfconyl) -ethyl] -acetamide;

(71) 2-{2-Benzyl-4-{3-(4-isopropyl-phenyl) -propyl]-3, 6-

dioxo-piperazin-l-yi } -K- [2- < 1-carbamimidoyl-

piperidin-3-yl) -i- (thiazoie-2-carbonyl) -ethyl] -

acetamide;

(72
)

2 - { 2-Benzyl-4 - [3- ( 4-hydroxy-phenyl ) -propyl ] -3, 6-

dioxo-piperazin-i-yl}-N-[2-(l-carbamimidoyl-

piperidin-3-yl) -1- (thiazole-2-carbonyl ) -ethyl] -

acetamide;

(73) N- (2- (l-Carbamimidoyl-piperidin-3-yl) -1- (thiazole-2-

carbonyl
)
-ethyl] -2- [2- ;2-chl'oro-benzyl) -3, 6-dioxo-4-

(3-phenyl-propyl) -piperazin-l-yl ] -acetamide;

(74) N- [ 2 - ( 1-Carbamimidoy I-piperidin-3 -yl ) -1- (thiazole-2-

carbonyl) -ethyl] -2- [2- [3, 4-dichloro-benzyl ) -4-

methyl-3 , €-dioxc-piperazir:-l-yl ] -acetamide;

(75) N-[4-(N-Methyl-guanidir.o)-l-(thiazole-2-carbonyl)-

butyl] -2-{4-methyi-2-r.aphthalen-2-ylmethyl-3, 6-

dioxo-piperazin-l-yl) -acetamide;

(76) 2-r4-Butyl-2-(3,4-dicr.:oro-benzyl) -3,6-dioxo-

piperazin-l-yl]-N-[2- {
1 -carbamimidoyl-piperidin-3-

yl) -1- (thiazole-2-carbcnyl) -ethyl] -acetamide;

(77) 2- (2-Benzyl-4-butyl-3, c-dioxo-piperazin-l-yl) -N-{2-
< l-carbamimidoyl-piperi=in-3-yl ) -1 - (pyridine-2-

carbonyi ) -ethyl] -acetanide;

(78
)

N- (2- ( l-Carbamimidoyl-piperidin-3-yl) -l- (pyricine-2-
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carbonyl ) -ethyl ] -2- f 2- ( 3 ,
4 -dichloro-benzyl

) -3, 6-

dioxo-4- (3 -phenyl-propyl) -piperazin-l-yl] -acetamide;

(7 9) fl- [1- ( 1-CSi rbamimidoyl -piperidin- 3 -ylmethyl ) -2-oxo-2-

thiazol-2-yl-ethyl] -2-[2- { 4-chloro-benzyl ) -3, 6-

dioxo-4- {3 -phenyl-propyl ) -piperazin-l-yl] -acecam;de;

(80) 2- [4 -Butyl -3, 6-dioxo-2- (phenylmethanesulf onylarnino-

methyl) -piperazin-l-yl] -N- [2- (1-carbamiraidoyl-

piperidin-3-yl) -1- ( thiazoie-2-carbonyl) -ethyl]

-

acetamide;

(81) N- [1- { l-carbamimidoyl-piperidin-3 -ylmethyl ) -2-oxo-2-

thiazol-2-yl-ethyl] -2- [2 , 5-dioxo-4- (3-phenyl-

propyl) -piperazin-l-yl] -acetamide;

(82) 2- [2-benzyl-3, 6-dioxo-4- (3 -phenyl -propyl ) -piperazin-

l-yl] -N- [4 -guanidine-1 - ( thiazole-2-carbonyI) -butyl] -

acetamide

;

(83) N- [2-benzothiazol-2-yl-l - (
1 -carbamimidoyl -piperidin-

3 -ylmethyl) - 2-oxo-ethyl] -2- [2 -benzyl -3 , 6-dioxo-4- (3-

phenyl -propyl) -piperazin-l-yl] -acetamide;

(84 ) N- [2- (1 -carbamimidoyl -piperidin-3-yl) -1- (thiazole-2-

carbonyl) - ethyl] -2- [2-naphthalen-2-ylmet:hyl-3 , 6-

dioxo-4- (3 -phenyl -propyl ) -piperazin-l-yl] -acetamide;

(85) N- [1- (l-carbamimidoyl-piperidin-3 -ylmethyl) -2-

thiazol-2-yl-ethyl] -2- [2 -methyl -3 , 6-dioxo-4- (3-

phenyl -propyl) -piperazin-l-yl] -acetamide;

(86) 2- [2 -benzyl - 3 , 6-dioxo-4- (3 -phenyl -propyl ) -piperazin-

l-yl] -N- [2 -
(
3 -carbamimidoyl -phenyl) - 1- (thiazole-2-

carbonyl) -ethyl] -acetamide;

(87) N- (1- (l-carbamimidoyl-piperidin-3 -ylmethyl) -2-oxo-2-

thiazol-2-yi-ethyl] -2- [2- {
3 -chloro- benzyl) -3,6-

dioxo-4- (3 -phenyl -propyl) -piperazin-l-yl] -acetamide;

(88) 2 [4 -butyl -2- (3 ,
4 -dichlorc- benzyl) -3 , 6-dioxo-

piperazin- 1 -yl] -N- [1- (1 -carbamimidoyl -piperidin-3-

ylmethyl) - 2 -oxo-2-thiazol-2yl-ethyl] acetamide;

(89) N- [1- (l-carbamimidoyl-piperidin-3 -ylmethyl) -2-oxo-2-

thiazol-2-yl-ethyl] -2- [2- (3 ,
4 -dichloro -benzyl) -3,6-

dioxo-4- (3 -phenyl -propyl) -piperzin-l-yl] -acetamide;

(90) 2- (4 -butyl -2- (2-chlcro- benzyl) -3 , 6-dioxo-piperazin-

1-yl] -N- {1- (1 -carbamimidoyl -piperidin-3 -ylmethyl) -2
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oxo-2-thiazol-2-yl-ethyl] -acetamide;

(91) 2{2- (4-butyl-2- (2-chioro-benzyl) -3,6-dioxo-

piperazin-l-yl] acetyiamirjo} -3- (l-g:arbamimidoyl-

piperidin-4 -ylmethyl) -2-oxo-2-thiazol-2-yl-ethyl] -

acetamide

;

(92) 2- [4-benzyl-2- (4-methoxy-benzyl) -3,6-dioxo-

piperazin-l-yl] -N- [1- (i-carbamimidoyl-piperidin-4-

ylmethyl) -2-oxo-2-thiazol-2-yl-ethyl] -acetamide;

(93) 3- (l-carbamimidoyl-piperidine-3-yl) -2- [2- [2- (2-

chloro- benzyl) -3
, 6-dioxo-4- (3 -phenyl -propyl) -

piperazin-l-yl] -acetylamino] -N-methyl-propionamide

;

(94) (3S) -N- [1- (1-carbamimidoyl-piperidin- 3 -ylmethyl) -2-

oxo-2-thiazol-2-yl-et:hyl] - 2- {4- [3- (3 ,4-dichloro-

phenyl) -propionyl] -2 -oxo-piperazin-l-yl} -acetamide;

(95) 2- (4-Benzenesulfonyi-2-oxo-piperazin-l-yl) -W- [1-

(benzothiazole-2 -carbonyi )
-4 -guanidino-butylj-acetarnide

;

(96) 4-{2-Carboxy-2-oxo-l- [2- (2-oxo-4-phenylmethane-

sulfony 1-piperazin-l-yl
) -acetylamino] -ethyl } -

cyclohexylamine

;

(97) N- [4-guanidino-l- {thiazole-2 -carbonyi) -butyl].-2- (2-oxo-

piperazin-l-yl) -acetamide; (98) 5- [ (2R) -2-benzyl-3 , 6-

dioxo-4- (3-phenylpropyl) - l # 4-diazinan-l-ylmethyl-

carboxamido] pentyl amine; (99) 4- (2S) -2-benzyl-3, 6-dioxo-
4- (3-phenylpropyl) -l, 4 -diaza~n-l -ylmethyl

-

carboxamido] butylamine ;

(100) 4- [(2R) -2 -benzyl- 3, 6-dioxo-4- (3 -phenylpropyi ) -1,4-

diazinan-l-ylmethyl-carboxamido] guanidinobutane ;

(101) N- (
4 -carbamimidoyl -phenyl) -2- [2-cyclohexa-2 , 4-

dienylmethyl-3,6-dioxo-4- (3 -phenyl -propyl) -piperazin-l-
yl] acetamide;

(102) N- (
4 -amino- cyclohexy 1 -methyl) -2- [2-benzyl-3, 6-dioxo-4-

(3 -phenyl -propyl) -piperazin-l-yl] -acetamide;

(103) 2- [2-benzyl-3, 6-dicxo-4- (3 -phenyl -propyl) -piperazin-l-

yl] -N- (1-carbozmimdcyl-piperidin- 4 -ylmethyl) -acetamide;

(104) N- (4-Amino-cyclohexyl-methyl) -2- [4- (diphenyi-

methanesulf onyl) -2-oxc-piperazin-l-yl] -acetamide; and

(105) A7- (4-Carbamimidoyl-benzyl) -2- [4 - (diphenyl-

methanesulf onyl ) -2-cxc-piperazin-l-yl ] -acetamide;
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(106) 2-(4-Butyl-3, 6-dioxo-2- (phenylmethanesulfonylamino-
methyl) -piperazin-l-yl ] -N- [ 1- ( 1-carbamimidoyl-

piperidin-3-ylmethyl) -2-oxo-2-thiazol-2-yl-ethyl]-

acetamide

(107) 2-{4-Benzyl-2-[ (diphenyi-methanesulfonylamino)

-

methyl] -3, 6-dioxo-piperazin-l-yl ) -N- (i-

carbamimidoyl-piperidin-4-ylmethyl) -acetamide

;

{ 108 J 2 - [ 4 -Benzyl-2- ( 4-methoxy-benzyl ) -3 , 6-dioxo-
piperazin-l-yl] -N- ( l-carbarairaidoyl-piperidin-4-

ylmethy1) -acetaraide;

(109) 2-[4-Benzyl-2-(4-methoxy-benzyl) -3, 6-dioxo-

piperazin-l-yl] -N-(4-carbamimidoyl-2-chloro-benzyl) -

acetamide

;

(110) W- (6-Amino-2-chloro-pyridin-3-yimethyl) -2- [4-

benzyl-2- (4-methoxy-benzyl) -3, 6-dioxo-piperazin-l-
yl] -acetamide; and

(111) ( (4- ((2- [4-Benzyl-2-( 4-methoxy-benzyl) -3, 6-dioxo-
piperazin-l-yl ]-acetylamino) -methyl) -2, 5-dichloro-
phenyl] -imino-methyl } -carbamic acid ethyl ester.

IS. A compound according to claim 12, selected from:

(17) 2- (4-benzoyl-2-oxo-3,4-dihydro-2H-quinoxalin-l-yl)

-

N- {4-guanidinc-l- (thiazole-2-carbonyl) -butyl]

-

aceramide;

(18) N- {4-guanidino-l- (thiazole-2-carbonyl) -butyl] -2- (2-

pxo-4- (3 -phenyl -propionyi) -3
, 4-dihydro- 2H-

quinoxalin-l-yl] -acetamide ; and

(19) N- (4-guanidino-l- (thiazole-2-carbonyl) -butyl] -2- (2-

oxo-4 -phenylmethanesulfonyl-3 ,
4 -dihyero-2H-

quinoxalin - l - y1 ) acetamide

(112) N- [4-guanidino-l- (thiazole-2-carbonyl) -butyl] -2- (2-

oxo-3 / 4-dihydro-2K-quinoxalin-l-yl) -acetamide;

(113) N- (4-Guanidino-butyl) -2-<2-oxo-4-

phenyimethanesulfonyl-3, 4 -dihydro-2H-quinoxaiin-l-

yl) -acetamide; and

(114) N- (l-Carbamimidoyl-piperidin-4-ylmethyl) -2- (2-oxo-

4-phenylmethanesulfonyl-3
, 4-dihydro-2H-quinoxaiin-l-

98
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yl) -acetarnide.

PCT/US97/15312

16. A method for the) treatment or prophylaxis of thrombotic
disorders in a mammal, comprising administering to said
mammal an effective amount of a compound according to
claim l.

A method according to claim 16, wherein said thrombotic
disorder is venous thrombosis.

A method according to claim 16, wherein said thrombotic
disorder is a pulmonary embolism.

19. A method according to claim 16, wherein said thrombotic
disorder is arterial thrombosis.

20. A method according to claim 16, wherein said thrombotic
disorder is myocardial infarction.

21. A method according to claim 16, wherein said thrombotic
disorder is cerebral infarction

.

17,

10

18,
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